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SYLLABUS  
 
 
The Everglades National Park Protection and Expansion Act, December 1989, 
authorized the Secretary of the Army to undertake certain actions to improve water 
deliveries to the Everglades National Park (ENP) and to take steps to restore natural 
hydrologic conditions.  The General Design Memorandum (GDM) called for in the Act 
was completed In June 1992.  Under the provisions of this GDM and Environmental 
Impact Statement (EIS) for Modified Water Deliveries (MWD) to the ENP, water would 
be transferred from WCA-3B to the L-29 CanaI (Tamiami Canal) and through the 
existing culvert system south under U.S. Highway 41 (the Tamiami Trail) into Northeast 
Shark River Slough.  When the GDM was completed in 1992 it was believed that 
existing culverts under the roadway would be adequate to convey the flow of water.  
Subsequent hydrological analyses, however, revealed that the head height In the L-29 
Canal required for the culverts to convey the increased water could adversely affect the 
structure of Tamiami Trail and overtop low areas along the highway under certain 
conditions.  The purpose of this project is to identify a technical solution to provide 
modifications to the Tamiami Trail to provide for the unimpeded conveyance of water 
from WCA 3B and the L-29 Canal to the Northeast Shark River Slough and the 
Everglades National Park south of the Tamiami Trail.  The project must provide 
compliance with the Reasonable and Prudent Alternatives (RPA) of the February I9, 
1999, U.S. Fish and Wildlife Service Final Biological Opinion on the Cape Sable seaside 
sparrow.  This calls for at least 30% of the regulatory water discharges from WCA 3A to 
be re-routed Into Northeast Shark River Slough beginning on March 1, 2000.  These 
waters would traverse WCA 3B and the Tamiami Trail, and enter the Everglades 
National Park instead of being discharged through the S-12 structures.  This would rise 
to 45% and 60% in March 1, 2001 and March 1, 2002, respectively. it is also required 
that the project be compatible with hydrologic restorations provided by the 
Comprehensive Everglades Restoration Program.  
 
Under the Modified Waters Program, authorized by the Everglades National Park 
Protection and Expansion Act of 1989, water deliveries to the Everglades National Park 
(ENP) will be improved as a step to restore natural hydrologic conditions increased 
flows to the Everglades National Park.  Water from the South Florida Water 
Management District Water Control Area (WCA 3B) will enter the L-29 Canal (Tamiami 
Canal), pass under U.S. Highway 41 (the Tamiami Trail), and enter the Everglades 
National Park.  Hydrologic studies, however, have indicated that the resulting water 
levels in the L-29 Canal will be sufficiently high to saturate the road base and potentially 
damage the structure of the road.  Overtopping of the road may occur in low areas.  
Information found in this engineering appendix has been used to select the preferred 
alternative and evaluate the plans’ ability to provide for unimpeded flow of water from 
the L-29 Canal to Everglades National Park. 
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TAMIAMI TRAIL 
MODIFIED WATER DELIVERIES TO EVERGLADES NATIONAL PARK  

 

PERTINENT DATA  
 

US 41/TAMIAMI TRAIL 
 
West Project Limit -------------------------------------------------------------- S-333 
          Sta. 580+46 on  
          Levee 29 
East Project Limit --------------------------------------------------------------- S-334 
          Sta. 15+26 on  
          Levee 29 
Florida Dept. of Transportation State Route No.  ---------------------- S.R. 90  
Florida Dept. of Transportation Section No.  ---------------------------- 870003 
Florida Dept. of Transportation Functional Classification  ----------- Rural Arterial 
Roadway Design Speed  -----------------------------------------------------    60 mph 
Roadway Posted Speed Limit  ---------------------------------------------- 55 mph 
Number of Existing Travel Lanes -------------------------------------------- 2 
Number of Future Travel Lanes  -------------------------------------------- 2 
Existing Average Daily Traffic (1999)---------------------------------------- 5,200 vehicles 
Projected Average Daily Traffic (2022)-------------------------------------   9,200 vehicles 
Percent Heavy Trucks  --------------------------------------------------------- 11.47% 
Peak Hour to Daily Traffic Ratio  --------------------------------------------  9.29% 
Directional Distribution Factor  ------------------------------------------------ 52.66% 
Corridor Length ------------------------------------------------------------------ 56,520 feet/ 
          10.7 miles 
Datum  ------------------------------------------------------------------------------ NGVD 29 
Design Stage Upstream of L-29 Borrow Canal -------------------------- 10.5 feet 
Design Stage at L-29 Borrow Canal  --------------------------------------- 9.3 feet 
Design State Downstream of US 41/Tamiami Trail  ------------------- 9.3 feet 
Contract Price 
    Alt. 1:  Existing Alignment and Profile with Four New Bridges  -- $ 14,330,871 
    Alt. 2:  Existing Alignment with Raised Profile and  

Four New Bridges:   Without Water Quality Treatment  ------ $ 24,354,651 
           With Water Quality Treatment ----------- $ 58,550,658 

    Alt. 3:  New North Alignment with Raised Profile and  
Four New Bridges:   Without Water Quality Treatment  ------ $ 67,959,310 

            With Water Quality Treatment ----------- $ 73,457,368 
    Alt. 4:  New South Alignment with Raised Profile and  

Four New Bridges:   Without Water Quality Treatment  ------ $ 45,235,110 
            With Water Quality Treatment ----------- $ 47,128,438 

    Alt. 5:  New Alignment on Structure   
    Without Water Quality Treatment  ------ $ 135,915,000 
              With Water Quality Treatment ----------- $ 140,314,000 
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CENTRAL AND SOUTHERN FLORIDA PROJECT 
FOR FLOOD CONTROL AND OTHER PURPOSES 

                               
TAMIAMI TRAIL 

MODIFIED WATER DELIVERIES TO EVERGLADES NATIONAL 
PARK 

 
 

A.    INTRODUCTION 
 
1. Authorization 
 
The Everglades National Park Protection and Expansion Act (PL101-229, Section 
104, 16 U.S.C. Part 410r-5 et seq., December 1989 (Annex A) authorized the 
Secretary of the Army to undertake certain actions to improve water deliveries to the 
Everglades National Park (ENP) and to take steps to restore natural hydrologic 
conditions.  This act provides the underlying authority for this project. Section 104 of 
the Act stated: 
 
• The Everglades National Park is a nationally and internationally significant 

resource and the park has been adversely affected and continues to be 
adversely affected by external factors, which have altered the ecosystem 
including the natural hydrologic conditions within the park.  Wildlife resources 
and their associated habitats have been adversely impacted by the alteration 
of natural hydrologic conditions within the park, which has contributed to an 
overall decline in Fishery resources and a 90 percent population loss of 
wading birds.  

 
The Act also provided direction for the U.S. Army Corps of Engineers to initiate 
corrective actions to alleviate deterioration in natural resources of ENP attributed to 
changes in water conditions associated with construction of the Central and 
Southern Florida (C&SF) water management system.  The Act stated:  
 
• Upon completion of a final report by the Chief of the Army Corps of 

Engineers, the Secretary of the Army, in consultation with the Secretary, is 
authorized and directed to construct modifications to the Central and 
Southern Florida Project to improve water deliveries into the park and shall, to 
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the extent practicable, take steps to restore the natural hydrological 
conditions within the park.  

 
• Such modifications shall be based upon the Findings of the Secretary's 

experimental program authorized in section 1302 of the 1984 Supplemental 
Appropriations Act (97 Stat. 1292) and generally as set forth in a General 
Design Memorandum to be prepared by the Jacksonville District entitled 
"Modified Water Deliveries to Everglades National Park."  The Draft of such 
Memorandum and the Final Memorandum, as prepared by the Jacksonville 
District, shall be submitted as promptly as practicable to the Committee on 
Energy and Natural Resources and the Committee on Environment and 
Public Works of the United States Senate and the Committee on Natural 
Resources and the Committee on Public Works and Transportation of the 
United States House of Representatives.  

 
The General Design Memorandum (GDM) called for in the Act was completed in 
June 1992. This GDM and Environmental Impact Statement (EIS) for Modified Water 
Deliveries (MWD) to the Everglades National Park is the authorizing document for 
structural modifications and additions to the existing C&SF Project required for the 
modification of water deliveries for ecosystem restoration in the ENP.  The 1992 
GDM stated, "The future without project condition will lead to the further deterioration 
of unique and outstanding ecological resources of the Everglades that are 
recognized and valued throughout the world."  Therefore, based an the direction 
provided in the Everglades National Park Protection and Expansion Act of 1989, the 
goal is to restore natural hydrologic conditions in the Park to the extent practicable.  
Meeting this goal will lead to improvements in the abundance, diversity and 
ecological integrity of native plants and animals in the Park.” 
 
Section 528 of the Water Resources Development Act enacted October 1996 (Public 
Law [PL] 102-580) was entitled "Everglades and South Florida Ecosystem 
Restoration," This authorized a number of ecosystem restoration studies, now 
collectively known as the Comprehensive Everglades Restoration Plan (CERP). As 
a result of this Act, the Corps submitted a report to Congress on July 1. 1999, 
containing this comprehensive blueprint for Everglades restoration.  Implementation 
of CERP will further increase the flow of water entering Northeast Shark River 
Slough. The plan has been approved as the Water Resources and Development Act 
of 2000.  
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2. Purpose and Scope 
 
Under the current authorized and approved plan, water would be transferred from 
Water Conservation Area 3A (WCA 3A) to WCA 3B by constructing three new water 
control structures at Levee L-67A and three new water control structures at L-67C 
(Plate A0-0). Water would be passed from WCA-3B through S-355A and S-355B to 
the L-29 Canal and through the existing culvert system under U.S. Highway 41 (the 
Tamiami Trail) into Northeast Shark River Slough (ENP). When the GDM was 
completed in 1992 it was believed that existing culverts under the roadway would be 
adequate to convey the flow of water. Subsequent hydrological analyses, however, 
revealed that the hydraulic head in the L-29 Canal required for the culverts to convey 
the increased water could adversely affect the structure of Tamiami Trail and overtop 
the highway under certain conditions.  
 
The purpose of this project is to identify a technical solution to provide requires 
modifications to the Tamiami Trail culvert system to provide for the unimpeded 
conveyance of water from Water Conservation Area 38 and the L-29 Canal north of 
the Tamiami Trail to the Northeast Shark River Slough and the Everglades National 
Park south of the Tamiami Trail, as provided by the 1992 General  
 
In the eastern Everglades in the vicinity of Water Conservation Area 3B, the 
Modified Waters Delivery plan involves the construction of three gated culvert 
structures (S-345A, B, and C), three gated concrete headwall structures (S-349A, B, 
and C), and two spillway structures (S-355A and B).  Also, the plan considers 
relocation of structure S-334, raising a portion of the Tamiami Trail (US 41), and 
degrading the existing Levee 67 Extension and filling the borrow canal.  The 
recommended plan also includes flood mitigation in the residential area in the East 
Everglades.  In addition, an airboat camp, and two Miccosukee Indian Camps were 
to be raised to prevent flood damages from occurring due to implementation of the 
project. 
 
As an additional element of the overall project, it was recognized that modifications 
to the Tamiami Trail/US 41 corridor are required between spillway structures S-333 
and S-334 to permit proper conveyance of the Modified Water Deliveries project 
maximum flows and to mitigate the impact of the resulting higher water surface 
elevations on the roadway and its subgrade.   
 
To accomplish this objective, five alternatives were identified and analyzed with 
respect to their advantages and disadvantages.  The results of this evaluation are 
documented in this Engineering Appendix, as part of the General Reevaluation 
Report/Supplemental Environmental Impact Statement (GRR/SEIS) for the Tamiami 
Trail Modified Water Deliveries Project. 
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B.     PROBLEM IDENTIFICATION  
   
 
3. Basis for Objective  
 
The basis for the project objective is to complement the other components of the 
Modified Waters Delivery Project by altering the Tamiami Trail between spillway 
structures S-333 and S-334 to convey the required movement of water and to do 
so in a way that conforms to the Florida Department of Transportation roadway 
design criteria which has jurisdiction over the Tamiami Trail roadway and right-of-
way. 
 
4. Objective  
 
The primary objective of this project is to provide for the unimpeded conveyance 
of water from Water Conservation Area 3B to Everglades National Park between 
spillway structures S-333 and S-334, which are separated by a distance of 
approximately 11 miles.  The water is to be conveyed under one or more 
roadway bridges along the existing or modified Tamiami Trail alignment, 
depending upon the alternative configuration which is selected.  The location and 
configuration of the roadway bridges will conform to criteria resulting from the 
modeling of the water management and hydraulic system defined as part of the 
Modified Water Deliveries project.  In satisfying the primary objective, this project 
must also mitigate the impact of higher Modified Water Deliveries project water 
elevations against the roadbed and roadway of the Tamiami Trail corridor, and 
satisfy Florida Department of Transportation criteria in this regard. 
 
    a. Timing - The planning, development, design and construction of a 

preferred solution for the Tamiami Trail objective has been 
incorporated into an overall master plan schedule for the Modified 
Water Deliveries project. 

 
Relative to the management of water deliveries, the proposed 
modifications to Tamiami Trail are consistent with the proposed 
water delivery and flow management regime that has been adopted 
for the Modified Water Deliveries project. 

 
    b. Location - The historic center of the Shark River Slough passed 

through what are now Water Conservation Areas 3A and 3B 
through the East Everglades into Everglades National Park.  As 
part of the Modified Water Deliveries project, this historic flow path 
is to be restored hydrologically, and requires the modification of the 
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Tamiami Trail facility to properly convey the planned flows from 
Water Conservation Area 3B across the Tamiami Trail corridor into 
the expanded Everglades National Park.  The modification of 
Tamiami Trail is needed to complete the location requirement for 
the modified flows. 

 
    c. Volume - Relative to the volume of water deliveries, the proposed 

modifications to Tamiami Trail are consistent with the proposed water 
delivery and flow management regime that has been adopted for the 
Modified Water Deliveries project. 

 
5. Study Area  
 
The study area for this investigation is the segment of Tamiami Trail/US 41 for an 
approximately 11-mile segment beginning 1 mile west of Krome Avenue in 
western Miami-Dade County, Florida.  This includes a section beginning near 
structure S-334 on the L-29 Canal and extending westward to near structure S-
333 on the L-29 Canal.  This corridor location is shown on Plate A0-0. 
 
6. Environmental Considerations  
 
There are a variety of environmental considerations which must be incorporated 
in the definition and evaluation of alternatives.  These elements are identified and 
discussed in Section F - Problems and Constraints.  Specific environmental 
impacts, most significantly wetland impacts as well as others, are discussed in 
the narrative for each alternative. 
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C.    BASE CONDITION  
 
 
7. History of the Tamiami Trail  
 
The original Tamiami Trail appears to have been constructed in the late 1920’s or 
early 1930’s.  The existing alignment was about 4 to 5 feet of peat and muck on 
top of limestone bedrock.  The roadway embankment was constructed by 
dredging the bedrock, forming what is now the canal on the north side, and 
placing directly on top of the muck.  The muck consolidated to a thickness of 
about 3 feet, and the granular embankment varies from 3 to 6 feet thick.  A Rock 
Base Surface Treatment was applied as the driving surface. 

 

In the mid-1940’s, 20 timber bridges were added within the limits of this MWD 
project, as part of a larger 38 bridge project along the Tamiami Trail in Dade 
County.  Each bridge was approximately 45 feet long and spaced about one-half 
mile apart.  In the early 1950’s, the bridges were replaced with the current 
culverts.  In 1968, the shoulders were widened and guardrail was added along 
the north in 1970.  Sometime in the 1970’s or 1980’s a nominal 4 inch asphalt 
overlay was placed and guardrail was added along the southern edge.  The 
exact date is not known because there seems to be a missing record, but is 
inferred from drawings in 1993, which show those past improvements.  Also in 
1993 the trees along the north were removed, additional widening of the 
shoulders conducted, and the roadway received a nominal 2 inch mill with a 2.5 
inch asphalt overlay. The construction method suggests that the embankment 
may contain muck and other organic pockets.  The current roadway profile is 
variable, suggesting that the muck layer consolidated unevenly. 

Several sets of plans were obtained from the Florida DOT archives in 
Tallahassee and reviewed.  The plans pertinent to MWD include: 
 
 
 
 
 
 
 
 
 
 
 
 



 
Engineering Appendix December 2000 
Tamiami Trail Final Design (100%) Submittal 
 

7 

State Job/Plan Constructed  Scope 
Set Number 
 
8711-109  Near 1946  Add 39 45-foot long bridges, 21 of which 
      are in the MWD project area. 
 
8711-109  Near 1951  Remove 21 bridges in MWD area 
      constructed in 1946 and replace them  
      with culverts. 
 
8711-3501  Near 1969  Add 4 feet of additional pavement on the 
      south side of the road.  Shift centerline 2 
      feet to the south so that lanes go from  
      10 feet wide to 12 feet wide. 
 
8711-3901  Near 1970  Add guard rail on the north side of  
      the north shoulder. 
87110-3506  Designed in the Widen left and right shoulder pavement  
   late 1980’s, and with 5.5 inches of aggregate base, 4.2 
   most likely  inches of structural asphalt concrete, 
   constructed in and 5/8 inches of friction course.  A 2 

1993. inch mill and 2.5 inch resurfacing of  
the entire roadway.  Removal of trees 
on the north side of road.  Add asphalt 
concrete from the edge of structural 
shoulder to the outside of the guard rail 
on both the north and south sides  
of the road. 

 
 
8. Condition of the Existing Facility (Without the MWD Project)  
 
A.  Existing Culvert Condition  
 
The Florida DOT requires that culverts be designed for a projected maintenance-
free time period or a design service life (DSL) appropriate for the culvert function 
and highway type.  The projected service life of pipe material options shall 
provide as a minimum the DSL.  The DSL for cross drains under U.S. 41 is 50 
years based on the roadway classification, which in this case is considered a 
major facility because the traffic volume is greater than 1,600 vehicles per day 
Average Daily Traffic (ADT).    
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In estimating the projected service life of a pipe material, the performance of the 
material is based on environmental conditions, its theoretical corrosion rate, the 
potential for abrasion, and other appropriate site factors.  Corrosion indicators 
include pH, resistivity , sulfates and chlorides.  Those parameters were obtained 
at two different locations along the existing alignment and at two different depths 
at each boring.  The parameters were obtained from a Florida Department of 
Environmental Protection (FDEP) certified laboratory, and their results are 
included in Appendix B-3.   
 
The FDOT’s Culvert Service Life Estimator Program (developed by FDOT’s 
Corrosion Research Laboratory) was utilized with the aforementioned soil 
parameters and DSL’s were determined for the four locations.  The results 
indicated that the existing reinforced concrete pipe culverts under U.S. 41 have 
an estimated design service life in excess of 300 years.  Given the fact that the 
existing culverts have been in operation approximately 50 years and the Service 
Life Program estimated the DSL’s at 360 years, the existing culverts should 
continue to provide the required service to U.S. 41. 
 
 
B. Florida DOT Pavement Condition Analysis   
 
Available data from the existing pavement condition database from 1976 through 
1999 was extracted from the Florida DOT database.  The database was 
searched to find the particular section of interest, U.S. 41/Tamiami Trail.  The 
Florida DOT roadway identification for the section of interest is 87110000, from 
Milepost 13.131 to Milepost 24.41.  These milepost limits are within about 100 
feet of the limits of this study corridor, and can be observed in the field as the 
termination of past resurfacings. 
 
The following four condition rating categories were obtained from the Florida 
DOT pavement condition database.  Note that these ratings are on a 0-10 scale, 
with 10 being excellent.  These condition categories also form the basis for the 
pavement condition survey conducted by the subcontractor IMS, covered in the 
section entitled “Distress Survey.”  Also note that all of the ratings shown in 
Figure 1 are for the average of the 11-mile segment.   
 
Cracking- rating that gives a measure of the amount of 3 different classes of 

cracking according to standard Florida DOT definitions.  This is rated by 
the eye, and an overall rating is applied to the entire 11-mile section. 

Rutting- rating that gives the amount of depression in the wheel path.  A laser rut 
measurement device operated by the Florida DOT continuously measures 
this parameter. 
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Ride- rating for the “smoothness” of the pavement.  The road is driven using an 
automated device that measures longitudinal deflections.  These deflections are 
converted to the International Roughness Index (IRI), a standard scale of 
roughness, and then converted to a 0-10 score. 

Pavement Condition Rating (PCR)- the lowest of the 3 preceding ratings.  The following 
chart summarizes the recent pavement condition ratings by the Florida DOT 
before and after the 1993 resurfacing. 

 
The current Florida DOT condition rating is 6, which is the threshold at which a 
resurfacing project needs to be included into the Florida DOT 5 Year Work Program.  A 
review of that Work Program indicates that this portion of the Tamiami Trail is scheduled 
for a pavement resurfacing in 2002, with a budget of $3.2 million.  This status review 
indicates that the roadway is being managed within the Florida DOT policies and 
procedures. 
 
Data outputs from the database are in Appendix C-1.  As a note, there were no 
inspections made relevant to potential settlement or leaking joints associated with the 
existing culverts. 
 
 
C. Roadway  Condition Investigations 
 
As part of this analysis of conceptual road improvement alternatives in this corridor, 
further investigation beyond a review of historical or Florida DOT databases was 
needed.  The additional investigations were performed to develop a general description 
of the existing roadway and levee (north of the canal), to evaluate the current pavement 
condition and how it would be impacted by raising the water elevation.  The 
investigations conducted included a topographic survey, geotechnical investigation, and 
pavement-specific investigations of ground penetrating radar (GPR), distress survey 
and structural analysis using a Falling Weight Deflectometer (FWD).  
 
 
D. Topographic Survey 
 
A conceptual level survey was conducted for this project.  The survey consisted of a 
cross-section every mile and a centerline elevation every 500 feet.  Plan and profiles 
are provided in Plates PP01-PP10.   The centerline elevation varies from 10.06 to 11.92 
feet along the majority of the project.  At the west end, the roadway rises considerably 
to 15.0 feet to connect to the Tamiami Trail west of S-333.  The average elevation for 
the study corridor, excluding the data above 12 feet (which is the rise at the west end), 
calculates to 10.95 feet.  This figure was rounded to use a top of pavement centerline 
elevation of 11.0 feet for development of the concept alternatives.   
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Similarly, the top of the L-29 Levee varies from 15.1 to 21.0 feet, with an average of 
17.12 feet.  The top of levee elevation for concept development is rounded up to 17.4 
feet because that is the ultimate height of the proposed Pump Station 356 (not part of 
this project) tieback levee. 
 
 
E.  Geotechnical Investigation 
 
Overview 
 
A geotechnical investigation was conducted by subconsultant LawGibb Group of Miami 
in July 2000.  A copy of that report is provided in Section L of this report.  Briefly, the 
purpose of that investigation was to obtain a general understanding of the embankment 
and the levee that is north of the canal.  The investigations aided in the development of 
concept alternatives and were not intended to be complete and sufficient for final 
design. 
 
The geotechnical embankment investigations are general in scope for two main 
reasons.  First, a general understanding is needed so a better defined scope for 
quantity and locations of borings, test pits, types of materials expected to be 
encountered, and quantities and types of testing to be conducted can be developed.  
Second, it is possible that the selected option for MWD may be a different alignment 
than existing, or require complete reconstruction of the existing alignment.  Therefore, it 
would not be prudent to invest in exhaustive final design level investigations for data 
that would not be used for the final design.  Regardless of which option is ultimately 
selected, a further, detailed geotechnical investigation needs to be conducted, and the 
results of this investigation can and should be used as a guide.   
 
The geotechnical investigation consisted of 16 borings:  10 were in the roadway 
embankment and 6 in the levee.  The 10 in the roadway were located to have 6 in the 
outside wheel path and 4 in the shoulders.  Plate B-1 shows the roadway borings.  The 
levee borings were 3 in the lower maintenance road and 3 in the top of the levee.  All 
borings were extended until the bedrock was reached. 
 
The results are provided in Section K and are summarized as there is nominally a 6 inch 
thickness of asphalt pavement on an approximate 3 foot thick granular embankment 
over the muck.  The muck is underlain by the limestone bedrock. The granular 
embankment gradation is classified as a coarse to fine limestone gravel with only some 
fine sand and little, if any silt.  In the Unified system, it is a GP-GM.  We do know from 
field observations that large boulders, perhaps 12 inches diameter, exist that were not 
extractable from the borings.   
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A key issue is the elevation of water in the embankment which  varies from 5.6 to 9.4 
feet, with most of the elevations at 7.4 feet.  The elevations of the water in the levee 
itself varies from 6.1 to 9.4 feet, with most less than 7 feet.  Considering the variability of 
measuring the water in the holes, and after conferring with the Corps of Engineers, it is 
conservative to use a nominal average water elevation of 7.5 feet for July 2000 in the L-
29 Canal.  Therefore 7.5 feet is used for the existing Design High Water elevation in the 
embankment and the levee for development of the concept alternatives. 
 
Of interest in the geotechnical testing is the fact that the optimum moisture content of 
the embankment material is generally 9% at a dry density of 126 pcf.  Moisture contents 
in the field are typically 7 to 9% in the top foot of the granular embankment (i.e. 2 to 3 
feet above water table).  Within about a foot above the water table, the natural moisture 
contents are 7 to 15%, and below the water table the moisture content is 20 to 23%.  
This essentially indicates the capillary rise in the embankment stops about 2 feet above 
the water table.  As the water level in the canal is controlled by the Corps of Engineers, 
and they indicate that 7.5 feet is a conservative high elevation, it is reasonable to 
assume that these are worst-case situations without an increase in water elevation. 
 
The muck thickness from the boring logs varies from zero to 3 feet thick with most 
thicknesses about 2 feet.  It is noted that it was difficult to determine the precise 
thickness of the muck in the field because little or none was recovered from the hole.  
The sampling spoon often sank through the muck under its own weight.  Therefore, it is 
recommended that for the purposes of these conceptual alternatives, the muck 
thickness be assumed to be 3 feet thick everywhere beneath the roadway and levee 
embankments.  This amounts to a top of muck elevation of 5 feet and is used for 
development of the concept alternatives.  Similarly, the thickness of the granular 
embankment is assumed to begin at the top of the muck.   
 
As no borings were extended in the wetland areas, the elevation of the muck in its 
natural, undisturbed state is approximated from historical drawings.  Using the Corps of 
Engineers drawings from the canal widening, the undisturbed top of muck elevation is 
about 6 to 6.3 feet.  A conservative top of muck elevation of 6.5 feet is used.   
 
The elevation of the bedrock varies from 1.7 to 6.1 feet, with most of the elevations 
slightly above 3 feet.  For conservative estimation of embankment quantities and 
performance behaviors, the elevation of the bedrock is assumed to be 2 feet for 
development of the concept alternatives.  Reviewing available geotechnical data, this 
appears to be a reasonable conservative elevation to utilize. 
 
Condition of the L-29 Levee 
 
One alternative alignment for this study involves relocating the roadway on the existing 
levee north of the canal.  The geotechnical investigation extended three borings through 
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the levee and three through the maintenance road.  What is evidenced is the levee was 
built with the same construction technique as the roadway embankment, namely the 
limestone bedrock piled on top of the muck.  By the mere nature of the consolidation 
potential of the muck, and the large amounts of fill required to provide a 2 lane roadway 
(existing levee top is only 10 feet wide), it is not prudent to build the majority of a 
roadway on an engineered embankment and allow part to be on an uncontrolled fill.  
Also of concern are the low SPT blow counts of the levee.  They are typically 3 to 5 per 
foot; these are similar to the blow counts in the roadway embankment that is 
submerged.   
 
This suggests that the levee is of a lower quality than the roadway embankment, and 
given the depth of additional fill and slope stability concerns, it is recommended the 
existing levee not be used, but rather removed to bedrock and rebuilt. 
 
 
F. Pavement Specific Investigations 

  Ground Penetrating Radar –GPR  
 
A GPR survey was used in the outside wheel path of each travel lane to identify the 
thickness of the asphalt pavement layer.  A 1.0 GHz, air-coupled antenna pulsed the 
pavement 50 times per second to obtain subsurface information.  The results of the 
survey were then used in the FWD back calculation process to obtain pavement layer 
modulus values.  Subcontractor IMS performed this work and completed the testing in 
July 2000. 
 
The pavement thickness data for each lane are provided in Appendix C-3.  The 
pavement thicknesses for each lane are also included on Plates PP-1 to PP-10.  It is 
seen that the thickness is highly variable along the length of the project.  The statistical 
summary of the thickness data is included in the following table.  To be conservative, an 
average asphalt thickness of 6 inches is used for development of concept alternatives.  
 

 

 EB WB 

Average (in) 6.5 7.1 

Standard Deviation (in)  2.1 1.4 

Maximum (in) 11.8 12.9 

Minimum (in) 2.6 2.9 
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 Pavement Distress Survey 
 
To establish a baseline pavement condition rating, supplemental to the data provided by 
the Florida DOT, a detailed distress survey was conducted using automatic pavement 
condition collection equipment.  In accordance with Florida DOT standards, the 
pavement evaluation and rating data was collected by lane and direction.  The entire 
length of pavement was surveyed, allowing a 100% sampling and condition rating.  The 
results were compiled in 1/70th mile segments, and then later reduced to 1/10th mile 
segments for inclusion in Appendix C.  Using the Florida DOT inspection method, the 
following automated measurements were collected by IMS in July 2000: 
 

Distress Measurement 

IRI Inside Wheelpath 

Outside Wheelpath 

Alligator Cracking Inside wheelpath, 1B, II, III 

Outside wheelpath. 1B,II, II

Block Cracking Inside wheelpath, 1B, II, III 

Outside wheelpath. 1B,II, II

Combined Alligator & Block 
Cracking,  

Inside wheelpath, 1B, II, III 

Outside wheelpath. 1B,II, II

Raveling Light, Moderate, Severe 

Rut Depths 10 depth levels, each 
wheel path. 

 
The IMS Laser Road Surface Tester is an automated device used to collect pavement 
distress and roughness data at road speeds. It utilizes 11 lasers, several 
accelerometers, a distance-measuring device, and numerous on-board computers to 
measure information about the surface of the pavement.  
 
Rutting data was collected in real time, while cracking and other distresses were post-
processed using high-resolution video of the road surface. The distress items collected 
were the following: 
 
Rutting - mean depth for each section. 

 
Rut depth is calculated using the entire array of 11 lasers on the RST. Each laser 
sends a measurement to a special computer board every 4 inches of distance 
traveled. The resulting elevation is analyzed to determine the left right and full 
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width rut depth as if a string line had been applied to the pavement and the ruts 
measured. As the RST travels these measures are accumulated and averaged to 
yield a total for the section. 

 
Cracking – FDOT Cracking 
 

The RST collects both a forward and downward high-resolution video image of 
the pavement. Each frame of video is time coded to relate the video to station 
information. The tapes are viewed in an office environment at slow speed to 
extract crack information. The Florida DOT condition survey methods for crack 
determination were used to extract the data.  

 

 Analysis of Pavement Condition Data 
 
The basis for the analysis of the pavement condition data collected by IMS is the Florida 
Department of Transportation Flexible Pavement Condition Survey Handbook, April 
1994.  Each set of data, including longitudinal cracking, rutting, and alligator cracking 
were examined along with the results of the GPR data to determine if any trends exist. 

 ■ Ride 
 
Roughness or ride was measured in both wheelpaths of each direction. The roughness 
was measured and reported using the common International Roughness Index (IRI) 
scale.  The scale ranges from 0 to 1267 inches/mile with larger values indicating greater 
roughness.  The approximate break point between rough and smooth pavements is 125 
inches/mile, with older pavements being in the range of 110 to 230 inches/mile.   
 
The data was then converted to Florida DOT Ride ratings according to the procedure 
outlined in the Flexible Pavement Condition Survey Handbook (1994).  The official ride 
rating is taken from the outside (right) wheelpath.  A ride rating score of 10 indicates a 
pavement that is perfectly smooth.  
 
Using those guidelines and the averages presented in the following table, the pavement 
is beginning to be considered rough.  It is slightly higher than the 2000 Florida DOT ride 
rating of 8.3.  Since the IRI tends to measure shorter wavelengths, the long-wave 
surface undulations evident on the Tamiami Trail do not affect the IRI greatly. 
 
The outside wheelpaths have a slightly lower rating than the inside wheelpaths.  Also, 
there are no significant areas or unique sections that have a larger IRI than others.  
Consequently, the IRI score is truly reflective of the entire roadway. 
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 Florida DOT Ride 
Rating 

IRI Value 

 Average 
Ride 

STD 
Ride 

Average 
(in/mi) 

STD 
(in/mi) 

WB 
Outside 

8.8 0.2 72 12 

WB Inside 8.5 0.3 93 17 

EB 
Outside 

8.9 0.2 67 14 

EB Inside 8.5 0.3 92 19 

 

■ Alligator Cracking 
 
Alligator cracking was measured in the wheelpath and outside of the wheelpath.  Both 
alligator cracking values were about the same for each direction.  There was slightly 
more cracking in the EB direction outside of the wheelpath.  The values are summarized 
in the following table: 
 

Alligator Cracking (ALL) Summary 

 Average 
(sf) 

STD 
(sf) 

WB ALL-NWP-II 51 83 

WB ALL-WP-II 304 378 

EB ALL-NWP-II 139 218 

EB ALL-WP-II 284 218 

 

 
Some alligator cracked areas on the WB lanes had significant amounts of cracking (on 
the order of 20% of the area) on areas were nearly twice as thick and had double the 
amount of cracking as the adjacent (EB) lane.  The WB sections from 1235 to 1260 had 
a larger amount of alligator cracking than surrounding pavement of equivalent 
thickness, but appeared to be on a minor sag curve portion of the road. 
 
On the EB lanes, the only trend that was evident was an area of alligator cracking in the 
wheelpath from station 746 to 769.  In this area, the asphalt is an average of 4.3 inches 
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thick, which is well below the average of 6.5 inches.  Other areas along the road had 
isolated instances of alligator cracking, but were not unusually thin or thick compared to 
the surrounding pavement. 
 
There was very little class III alligator cracking reported in or out of the wheelpaths (less 
than 3% for each direction and whether in or out of the wheelpath).  The results of all of 
the alligator cracking for each class are combined with the other cracking types in the 
same class to obtain an overall rating. 

■ Block Cracking 
 
There was no block cracking recorded or reported for any of the roadway segments.   

■ Longitudinal Cracking  
 
The longitudinal cracking data was consistent, with essentially all of the data in Class IB 
and II cracking.  Average amounts of class II cracking were about double that for Class 
IB cracking, with low standard deviations for both classes.  The predominant type of 
longitudinal cracking was Class II, and there was a very minimal amount of Class III 
longitudinal cracking in either direction (less than 4 sf).  Average values are included in 
the following table: 
 

Longitudinal (LONG) Cracking 
Summary 

 Average 
(sf) 

STD 
(sf) 

WB LONG-IB 452 282 

WB LONG-II 839 227 

EB LONG-IB 343 273 

EB LONG-II 737 234 

 
The amount of longitudinal cracking over the varied thicknesses of asphalt is consistent 
along the entire length of the project and in both directions.  This shows that the 
longitudinal cracking is independent of the asphalt thickness and is more dependent on 
the age and environmental exposure, which is a cause of asphalt hardening and 
consequent pattern cracking.  Therefore, the longitudinal cracking is uniform because 
the age and exposure of the current asphalt surface is the same for the entire length of 
the project. 
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■ Raveling 
 
There was no significant raveling recorded or reported for any of the roadway 
segments.   

■ Rutting  
 
The rutting data was also consistent along the length of the project.  Average rutting 
values are shown in the following table: 
 

Rutting (RUT) Summary 

 Average 
(in) 

STD 
(in) 

WB Rut Right .22 .05 

WB Rut Left .14 .04 

WB Rut Full 
Lane 

.23 .05 

EB Rut Right .20 .05 

EB Rut Left .19 .06 

EB Rut Center .24 .05 

  

The average rutting value on the right wheelpath on the WB lane is greater than the left 
lane.  This is the closest wheelpath to the canal.  The rutting values for the EB lanes are 
very consistent.   
 
The latest Florida DOT rutting score for the roadway section is 9, with the range for a 
rutting score of 9 being 0.07 to 0.19.  Using the recently collected IMS data, the section 
is on the borderline, and the rutting is apparently increasing from the last Florida DOT 
survey.  Consequently, the section would receive a Rut rating of 8.   

■ Summary: Overall Rating 
 
The final step in the rating process was combining the amount of cracking (longitudinal, 
alligator in and out of wheelpath, block) in each class and assigning a rating based on 
the percentage of area cracked.  Table 1 in the Florida DOT Pavement Condition 
Manual was used as a guideline to obtain a deduct value and corresponding score for 
the section.  Achieving the rating score was slightly different from the manual method in 
that all of the data for a class, regardless of whether it is in the wheelpath or outside the 
wheelpath, was summarized to obtain a percentage.  The Florida DOT method 
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combines data separately for in and outside wheelpath, assigns deduct value, and then 
sums the deducts.  This was not possible, however, because using the Florida DOT 
method, average values for the entire section were used.  These values are 
summarized in the following table.   

 

Cracking Percentage by Class 

 Average 
(%) 

STD 
(%) 

WB Class 
IB 

7.1 4.4 

WB Class II 18.8 8.1 

EB Class IB 5.4 4.3 

EB Class II 18.3 10.7 

 

Because of the relatively uniform nature of the results, no subdivision of the current 
pavement management section (as defined by the Florida DOT survey crews) into sub-
sections is necessary.  Using these results, the following ratings are obtained: 

 
• Rut: 8 

• Cracking: 8 

• Ride: 8.8 

 

In comparison to the Florida DOT ratings, the IMS rut rating is 1 point lower, the Crack 
rating is 2 points higher, and the Ride rating is 0.5 points higher.  Note that the Florida 
DOT method is a windshield type of survey and contains more subjectivity than an 
automated method.  This indicates that the Florida DOT overall rating of 6 is less than 
the automated overall rating of 8.   

 
  Falling Weight Deflectometer (FWD) Testing 

 
FWD testing was conducted to determine the in-place structural characteristics of the 
pavement.  The FWD simulates the effect of a moving wheel load (9,000 pounds) by 
delivering an impact to the pavement and measuring the resulting surface deflections.  
With knowledge of the pavement layer thicknesses (from GPR and geotechnical testing) 
the structural properties of the pavement are determined.  The FWD testing was 
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conducted by ERES Consultants in July 2000, with the complete details in Appendix C-
2. 
 

The structural characteristics of interest for this project are the modulus value of the 
granular embankment and the effective AASHTO structural number of the entire 
pavement/embankment structure.  In the backcalculation of the FWD data, the existing 
pavement is modeled as an asphalt layer on a granular base on a granular 
embankment.  The granular base is reasonable to include in the analysis because the 
borings indicated that the moisture content for the top foot of embankment is near 
optimum, and the SPT blow counts are generally higher than the deeper elevations.  
The granular base was modeled as a 10 inch layer; again, note that the borings did not 
reveal the presence of a typical 10 inch limerock base, but for analysis, there is a 
denser layer of the granular embankment in the top foot.  The asphalt thicknesses used 
were those at the FWD station, as determined from the GPR testing. 
 
The modulus of the granular embankment material for Tamiami Trail varies from 3,000 
psi to 40,000 psi, with an average of 7,500 psi.  The majority of the values are in the 
6,000 to 8,000 psi range.  For a granular material, these values are considerably lower 
than would be expected.  A value that would have been expected would be in the range 
of 15,000 to 20,000 psi.  Another example, the Florida DOT has recently conducted 
research on A-3 type soils (similar but slightly better than the granular embankment) 
that were completely submerged below the water table, and a modulus of 29,000 psi 
was obtained.   
 
The resilient modulus can be converted to the California Bearing Ratio (CBR), which is 
an indication of the strength of granular material with a maximum of 100.  Using a rule 
of thumb that the modulus is 1,500 times the CBR, a 7,500 modulus back calculates to 
a CBR of 5.  This is a value representative of silt or clay, not a granular material.  As 
another indication that the embankment modulus is less than expected for a granular 
material, the laboratory CBR tests conducted show CBRs in the range of 35 to 60 after 
soaking. 
 
These low values for a granular material suggest that the granular embankment 
modulus is being strongly influenced by the muck, and there may be muck mixed in with 
the embankment.  As a point of interest, the modulus values in the vicinity of the borings 
are all about 7,000 psi.  Considering the uncontrolled nature of construction and that the 
muck is beneath the embankment, the modulus value of the embankment is being 
largely influenced by the presence of muck.  In essence, regardless of the granular 
embankment, the muck is controlling the response.  This is a typical response found in 
pavement structures built on very soft materials.  If an alternative is selected to utilize 
the existing embankment, then several exploratory trenches across the roadway and to 
the bedrock are needed to better characterize the embankment. 



 
Engineering Appendix December 2000 
Tamiami Trail Final Design (100%) Submittal 
 

21 

 
In utilizing the FWD data for design, there are a few methods.  First is the Florida DOT 
method which is to use the mean plus two standard deviations.  This provides a design 
modulus of 15,000 psi.  Alternatively, a more conservative method would be to use the 
10th percentile value (90% values are greater than) which is 5000 psi.  Appendix C 
shows the calculations in both methods, and although the Florida DOT standard would 
require less pavement thickness, we recommend using the more conservative value of 
5,000 psi, for a Design High Water of 7.5 feet, until further exploration is conducted.   
 
In the case where the Design High Water elevation will raise to 9.3 feet, reducing the 
5,000 psi may be conservative.  This is because the controlling material is probably the 
muck layer, which is already submerged.  Nevertheless, to at least represent some 
localized impacts of the higher water, we recommend a modest reduction in the design 
resilient modulus to 4,000 psi, which is lowest value in the Florida DOT manual and 
would be a CBR of less than 3 (which is extremely low and typical of silts/clays beneath 
the water table).  Again, if an option is selected to use the existing embankment, then 
test trenches need to be excavated, preferably beneath the FWD test stations. 
 
For the effective AASHTO structural number, SNeff, of the existing pavement, it is 
recommended to use the 10th percentile value of 3.5.  For the case where the water 
elevation is raised to 9.3 feet, the 3.5 value should still be used but account for a greater 
thickness requirement by using the reduced embankment modulus of 4,000 psi. 
 

  Parameters Used for Concept Development 
 
The following parameters are used for development of the alternatives: 
 

Existing asphalt thickness     6 inches 

Granular thickness      5.5 feet 

Top of asphalt, centerline elevation   11.0 feet 

Top of consolidated muck elevation   5.0 feet 

Top of natural muck elevation    6.5 feet 

Top of bedrock elevation     2.0 feet 

Top of levee elevation     17.4 feet 

Existing water elevation      7.5 feet 

 

Proposed MWD Design High Water elevation  9.3 feet 

Proposed MWD Low Control Elevation   6.5 feet 
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Proposed MWD High Control Elevation   8.5 feet 

Proposed MWD Water Quality Treatment Elevation 9.5 feet 

 

50 year projected ESALs     11.7 million 

20 year projected ESALs     3.3 million 

Existing pavement SNeff     3.5 

Existing embankment modulus (DHW= 7.5)  5,000 psi 

Existing embankment modulus (DHW = 9.3)  4,000 psi 

 

  Need for Additional Testing 
 
As noted in the prior sections, the 16 borings and other tests provide a general 
description of the existing embankment and levee, but there are details that would need 
to be further explored if a design alternative to use the existing embankment were 
selected.  These would largely be geotechnical field and laboratory studies. 
 
In particular, the presence of boulders and muck made it very difficult to extract samples 
and define the layer thicknesses.  It is recommended that several test trenches be 
excavated across the entire roadway and embankment, down to the bedrock.  At a 
minimum at least 1 per mile, which would be 11 trenches, should be excavated.  This 
type of work will need to be done by a roadway contractor, with a geotechnical firm on 
site.  It is recommended that an experienced construction manager oversee and 
coordinate the activities.  The information to observe and obtain would include at least:  
observance of intermixing of muck with granular fill, thickness of granular fill, thickness 
of muck, in-place moisture/density of granular embankment, excavation stability of 
consolidated muck, visual gradation, large bulk samples, and condition of bedrock. 
 
The large bulk samples would be used for gradation, more CBR testing, more density 
testing, Atterberg Limits, and triaxial resilient modulus testing at various degrees of 
saturation.  The resilient modulus will give the best indication of how the granular 
material will behave when submerged.  Additional testing to evaluate the consolidation 
effects of the muck and the slope stability of the embankment needs to be conducted. 
 
Outside of the embankment, the stability of the natural muck should be tested.  This is 
to determine how well the muck will stand up when excavated, namely to enable 
enough time for a granular fill to be placed. 
 
Additional pavement cores are needed to determine the depth of cracks in the asphalt.  
The Florida DOT requires 3 cores per lane per mile, which would be 66 cores at a 
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minimum.  These cores are used to determine the depth of pavement cracks, for which 
milling may remove the asphalt to the bottom of the cracks, creating a crack-free layer 
to overlay.  The test trenches and additional testing might cost on the order of $500,000. 
 
G. Current Annual Maintenance Activities and Costs 
 
The Florida DOT budgets its maintenance based upon annual or periodic occurrence.  
Annual maintenance address items such as damaged guardrail, small pavement 
patching, mowing, litter removal.  Periodic maintenance items are programmed in the 
Work Program and would include a resurfacing or complete guardrail replacement.  
Florida DOT District 6 is responsible for this section of the Tamiami Trail, and has 
provided a historical annual maintenance cost.  The amount District 6 has spent, on 
average over the past three years for the 11 mile section is $39,537.  Details of those 
amounts are provided in a letter from District 6 in Appendix C-1.  The District has been 
maintaining the roadway in accordance with their policies and procedures. 
 
For projecting future funding for maintenance, the Florida DOT has formulas to calculate 
the amount of annual maintenance funding a district would need.  These formulas are 
based on the roadway type (e.g., 2-lane highway, interstate, etc.) and the particular 
section.  The particular section has an inventory of items such as quantity of guardrail, 
amount of mowing, number of signs.  Based on the roadway type and the inventory, a 
district receives a funding amount for all annual maintenance needs in that district.  It is 
not expected or intended that the district spend all the maintenance dollars for a 
segment or road on that particular segment, but rather the districts are expected to 
manage their entire system appropriately.  The annual amount funded for the 11 miles 
of Tamiami Trail in this study, reflective of the current inventory, is $99,981.  Details are 
provided in Appendix C-1.   
 
If an agency other than District 6 were to manage the maintenance, and presumably 
that would be through a contractual relationship with independent contractors, it would 
be advisable to allocate an amount of 10% for contract management and 40% 
contingency.  The contingency would cover normal contingency (15%), surcharge for a 
small quantity maintenance contract (10%), and maintenance of traffic a contractor 
would have to provide (15%).  The annual amount recommended is $150,000. 
 
H. Programmed Improvements and Costs  
 
Periodic maintenance costs are the major work efforts that the state would design and 
let to a contractor.  According to District 6, the 11 miles in the study corridor are 
scheduled to be resurfaced sometime in 2002 for $3.2 million.   
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I. Estimated Cost to Rebuild to Current Standards  
 
While the general condition of the existing road would not be considered unsafe, there 
are maintenance and improvement needs to prudently preserve the roadway.  First, 
there are many profile variations along the roadway, presumably from consolidation of 
the muck, as shown by the plan and profile plates.  Although a detailed analysis would 
be required of every settlement to precisely determine which settlements exceed 
vertical grade criteria, it is reasonable that the settlements need to be leveled.  Similarly, 
the consolidation has also resulted in variability in cross-slope, as shown in the cross-
section plates and from visible observation.  Cross-slopes in excess of 2% could be 
considered a liability to the owner.  Again, a more detailed survey is needed to precisely 
define which areas need cross-slope correction. 
 
There is also sufficient cracking to lower the pavement rating to a 6, and it is known that 
at least some of the cracks are structural fatigue cracks, based on one of the cores.  
Therefore, a resurfacing should incorporate structural life of the pavement.  From a 
visual inspection, the existing guardrail has shifted position as the embankment has 
settled.  As guardrail positioning is very strict and without tolerance, it would have to be 
replaced not only because of its current condition but also from the structural overlay 
grade change.  Note that none of these upgrades are considering reconstruction of the 
embankment, therefore the upgrades could be considered as a maintenance project.   
 
The recommended improvement, which is described in the following sections, is to level 
the existing roadway to a uniform elevation of 11 feet, place a 6 inch asphalt overlay, 
replace the guardrail, and provide additional fill and sod behind the guardrail for grade 
transitions. The estimate developed does not include nor provide water quality 
treatment for roadway drainage.  The estimated cost to bring the roadway up to 
standard, including elevating the subgrade above the existing design high water 
condition, is $10,172,097, summarized as follows: 
 
 
Existing Facility Improved to Standards  
Without Water Quality Control  
Roadway $10,172,097 
Bridge $0 
Total $10,172,097 
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  Overlay Pavement Design With No Change in Design High Water Elevation 
 
This initial alternative is what would be required to upgrade the existing roadway, 
without raising the water elevation.  The Design High Water would remain at 7.5 feet. 
 
For the pavement design, the Florida DOT would typically use a 20 year design period.  
However, because the remaining alternatives developed for MWD were requested by 
the Corps of Engineers to be for a 50 year design (i.e. 50 year traffic projection), that 
approach is used for this upgrade calculation.  The overlay design needs to consider the 
surface variations as well as the separation from the design high water elevation.  The 
calculations are provided in Appendix C for both 20 and 50 year designs. 
 
In particular, the Florida DOT requires that for a new or reconstructed (i.e. not a 
maintenance project) roadway, that the bottom of the aggregate base course be 2 feet 
above the design high water elevation.  The purpose for this separation requirement is 
to provide a stable platform during construction of the aggregate base and the asphalt 
pavement, and to provide a long-term support for the pavement.  From discussions with 
the Corps of Engineers, the water elevation in the canal is controlled and will vary over 
time due to predominant weather conditions.  However, for purposes of concept 
development, an elevation of 7.5 feet for the existing case and assuming no increase 
due to the MWD project is reasonable.  
 
For the existing roadway, using the average elevation of 11 feet, with a 6 inch asphalt 
thickness, there is 3 feet of separation from the bottom of asphalt to the design high 
water level.  The Tamiami trail was not built with a modern limerock base course (which 
is typically 10 inches for this type of roadway).  If a hypothetical 10 inch limerock base 
were present, the 2 feet of separation to the design high water is still provided.  So even 
if the roadway improvements were considered a reconstruction, it would meet the 
criteria.   
 
However, we do realize that the roadway profiles dip as low as elevation 10 feet, which 
would provide only a gross clearance of 2 feet to the design high water so the 
hypothetical base could not exist.  There are two approaches to provide the separation, 
either reclassify the project and reconstruct the pavement, or use a black base.  If 
reconstruction were chosen, that would be limited to removing the existing asphalt 
pavement and adding additional granular embankment, most likely an A-3 type of soil 
(Unified Classification).   
 
There is a significant construction concern with removing the existing asphalt pavement.  
From the FWD testing, the resilient modulus of the existing granular embankment below 
the asphalt pavement is calculated as about 5,000 psi.  The resilient modulus can be 
converted to the California Bearing Ratio (CBR), which is an indication of the strength of 
granular material with a maximum of 100.   The conversion, which is reasonable for this 
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level of analysis, is the modulus is 1500 times the CBR.  Backcalculation from the 
modulus gives a CBR of about 4.  The paving industry considers a CBR of 6 the 
minimum that can be constructed upon to provide support for equipment and 
compaction of subsequent layers.  Therefore, it is not recommended the existing 
asphalt pavement be removed for this option. 
 
A more reasonable approach would be level all of the low spots to an elevation of 11 
feet with asphalt overbuild.  All of the structural overlays will be calculated to begin at 
elevation 11.  The existing 6 inch asphalt pavement (in some case 18 inches where the 
low areas are leveled) could remain in place and be considered as a Florida DOT Black 
Base.  
 
A variety of methods were used to prepare the overlay thickness design.  First is using 
the 50-year projected traffic and using the effective AASHTO structural number, SNeff, 
of 3.5 with an embankment resilient modulus of 5000 psi for reasons discussed 
previously.  This provides an asphalt overlay thickness of 6 inches, without any credit 
afforded to the 12 inches of overbuild to level the low areas.  If a standard 20 year 
design were conducted, only a 3 inch asphalt overlay is required. 
 
Alternatively the Florida DOT method, when used in strict adherence to the guidelines, 
uses an embankment modulus of 15,000 psi.  The existing 6 inch asphalt pavement is 
modeled using reduced layer coefficients (rather than SNeff), which are 0.15 for a 
pavement of a condition rating of 6.  The 50 year thickness is 6 inches and the 20 year 
is 4 inches.  For the purposes of this concept development, an asphalt pavement 
overlay of 6 inches is recommended. 
 



 
Engineering Appendix December 2000 
Tamiami Trail Final Design (100%) Submittal 
 

27 

D.    FUTURE WITHOUT PROJECT CONDITION 
 
9. Condition of the Existing Facility (No Improvements, with the MWD Project) 
 
A. Relation of MWD Project to Existing Facility  
 
This scenario considers impacts on the existing roadway if the water elevation is raised 
to a Design High Water of 9.3 feet and the roadway is not improved.  The existing 
roadway is asphalt on an uncontrolled granular fill on muck.  The condition score of the 
asphalt pavement, a 6, is sufficient to require a resurfacing even without raising the 
water elevations.  Raising the water requires consideration of the impact on the 
embankment and the asphalt pavement.  The roadway has low spots that are at or near 
elevation 10 feet, so overtopping may also be a concern. 
 
The first topic is the embankment.  The peat and part of the uncontrolled granular fill 
embankment are already submerged due to the existing water elevation of 7.5 feet.  
Any deterioration of either would have already occurred over its 80-year history.  The 
only damage to the pavement over time attributable to the water is the longitudinal 
surface variations and depressions, a result of the muck consolidation.  Raising the 
water elevation to the proposed 9.3 feet (design high water) is not expected to damage 
the uncontrolled granular fill nor further impact the muck. 
 
However, the asphalt paving must also be considered.  Although the average pavement 
elevation is currently 11.0 feet, there are low spots measured at 10.0 feet.  In addition, 
when a high water test was conducted by the USACE in the spring of 2000, areas of 
overtopping were observed, presumably at the low elevations (see plan and profile 
sheets).  By subtracting the 6-inch asphalt thickness, the bottom of asphalt would vary 
from 9.5 feet at the low, to 10.5 feet at the average.  Therefore, the new Design High 
Water elevation of 9.5 feet will essentially be at the bottom of asphalt in low areas. 
 
The impact is that the support for the asphalt pavement will decrease, the existing 
cracks will deteriorate and additional cracks will develop.  As the pavement is already at 
a condition of 6, which it dropped to in the past 7 years, the higher water is expected to 
accelerate deterioration of the existing pavement.  The deterioration is expected to be 
the worst in the low areas, as the water table will be essentially at the bottom of the 
asphalt.  
 
Furthermore, the localized low spots that allow overtopping need to be corrected.  The 
occurrence of overtopping would require deployment of traffic control devices to warn 
motorists, and in the worst case, close the highway to traffic.  It also could likely cause 
erosion of the embankment slopes, which could then cause structural pavement 
problems.  This could have adverse implications for emergency vehicles and possibly 
hurricane evacuation.   
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It is not recommended that the Design High Water elevation be raised without improving 
the roadway.  The current low elevation is 10 feet, with a bottom of asphalt at 9.5 feet, 
which provides for a 2 foot clearance to the current Design High Water elevation of 7.5 
feet.  It is known that the embankment can become wetter with capillary rise 2 feet 
above the water table, so the low elevations are already exceeding a design criteria.  
However, if the roadway were overlayed, the existing pavement could be considered a 
Black Base and then the separation criteria are met. 
 
B.  Estimated Impact Upon Annual Maintenance Activities and Costs 
 
If the water is raised and the pavement is not improved, the low areas will require more 
localized repair than the other parts of the pavement.  In addition, the entire roadway 
will soon require a significant resurfacing.  Considering the roadway has deteriorated to 
a condition of 6 in the past 7 years, a 7 year resurfacing cycle is recommended.  
Although it could be argued that an even more frequent resurfacing cycle may be 
warranted, 7 years is probably the most that is reasonably feasible and publicly 
tolerable.  It is noted that a better solution would be to level the roadway and place a 6 
inch overlay, as discussed in the prior section.  Table 1 shows the life cycle costs of the 
7 year resurfacing. 
 
For the annual maintenance, it was previously noted that currently an owner should 
consider a budget of $150,000.  If the water elevation is raised, the current funding of 
$6,900 for asphalt patching contained in that budget should be increased by $25,000.  
This would require an annual maintenance budget of $175,000.  
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E. DESIGN CRITERIA 

 
 
10. Design Criteria  
 
This section provides a description of the relevant design criteria to be incorporated into 
the definition and depiction of the study alternatives: 
 
A. Roadway   
 
The following narrative presents roadway design criteria: 
 

  General 
 
The proposed reconstruction of Tamiami Trail is to be designed in accordance with 
Chapter 2 of the Florida Department of Transportation (FDOT) Plans Preparation 
Manual (PPM), AASHTO’s Policy on Geometric Design of Highways and Streets, and 
FDOT Roadway and Traffic Design Standards.  The road has a functional classification 
of Rural Arterial and a design speed of 60 mph.  Existing (Year 2000) traffic is 5,200 
vehicles per day, projected by FDOT to be 9,200 in the year 2022. 
 
Additionally, there are existing features that must remain undisturbed.  A memorial is 
located north of the canal near the western limits of the project.  Two businesses will 
remain that currently have access from Tamiami Trail.  The Osceola Indian Reserve is 
located on the south side near the western limits, and the Airboat Association of Florida 
is located on the south side near the center of the project limits.  Their access must be 
maintained.   
 

  Horizontal Alignment 
 

a. Maximum Horizontal Curvature 
 

Table 2.8.3 of the FDOT Plans Preparation Manual (PPM), indicates that for a rural 
environment (emax = 0.10) and at design speed of 60 mph, the maximum curvature 
allowed by State Highway System (SHS) criteria is 5015'00".  The curve data for all 
horizontal curves for each alignment alternative have been set to satisfy the SHS 
maximum horizontal curvature requirement.   
 
b. Maximum Deflections Without Horizontal Curves 
 
For the design speed of 60 mph, Table 2.8.1a of the PPM indicates a maximum 
deflection without horizontal curves for arterials without curb and gutter of 0045'00".  The 
conceptual design for all alternatives satisfies this criterion. 
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c. Lane Width 
 
Table 2.1.1 indicates a minimum through lane width of 12 feet for 2-lane rural roadways. 
The conceptual design for all alternatives satisfies this criterion. 
 
d. Shoulder Width 
 
For 2-lane arterials without shoulder gutter, Table 2.3.3 of the PPM indicates a minimum 
full shoulder width of 8 feet and a minimum paved shoulder width of 5 feet for low 
volume highways. The conceptual design for all alternatives satisfies this criterion. 

 
e. Border Width 
 
For arterials with design speeds greater than 45 mph and flush shoulders, Table 2.5.1 
of the PPM indicates a minimum border width of 40 feet.  This criterion will not be 
satisfied, as the existing right-of-way is minimal.  Guardrail will be used. 
 

  Horizontal Clearances 
 
The following horizontal clearance requirements for roadways with flush shoulders are 
outlined in Section 2.11 of the PPM.  
  

Object Clearance Requirement Additional Notes 
Light Poles 20 Feet from Travel Lane No lighting included 
Utility Installations Not within the Clear Zone Existing utilities 
Trees Outside the Clear Zone Behind guardrail 
Bridge Piers and 
Abutments  

Outside the Clear Zone Will be protected 

Guardrail 12’ for Shoulders 10’ and Wider 
Shoulder Width Plus 2’ for All Other 
Shoulders 

5’ paved shoulders 

 
If the design speed is greater than 55 mph and there are more than 1,500 vehicles 
AADT, Table 2.11.9 of the PPM indicates that the required clear zone width is 36 feet 
adjacent to the outside travel lane. 
 

  Vertical Alignment  
 
a. Maximum Grade 
 
The maximum grade permitted for a rural arterial with a 60 mph design speed is 3% 
according to Table 2.6.1 of the PPM. The maximum grade criterion will be satisfied for 
all alternatives. 
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b. Maximum Change in Grade Without Vertical Curves 
 
The maximum allowable change in the gradient is 0.4% for a design speed of 60 mph 
according to Table 2.6.2 of the PPM. The maximum change in grade criterion will be 
satisfied for all alternatives. 

 
c. Grade Datum 
 
The required roadway base clearance above the design high water elevation for rural 
two-lane roadways with Design Year ADT greater than 1,500 daily vehicles is 2 feet 
according to Table 2.6.3 of the PPM. The grade datum criterion will be satisfied for all 
alternatives. 
 
d. Stopping Sight Distance 
 
For a design speed of 60 mph and grades of 2% or less, Table 2.7.1 of the PPM 
indicates a minimum stopping distance of 550 feet.  Because of the "flat" grades along 
Tamiami Trail, vertical stopping sight distance will exceed the minimum value of 550 
feet in all cases. 

 
e. Cross Slope 
 
The 2% pavement cross slope design in all alternatives complies with Figure 2.1.1 of 
the PPM, Standard Pavement Cross Slopes. 
 
B.  Structures  
 
The following narrative describes structural design criteria: 
 

  Design Specifications 
 
1. AASHTO Standard Specifications for Highway Bridges (16th Edition - dated 1996) 

as amended by interim specifications through 1999.   
2. Corps of Engineers Engineering Manuals for the analysis and design of the hydraulic 

structures, including the following EMs: 
 
 EM 1110-2-2104 Strength Design for Reinforced Concrete 
 EM 1110-2-2906 Design of Pile Foundations 
 EM 1110-2-2594 Sheet Pile Design 
 EM 1110-2-2502 Retaining/Floor Walls 
 
3. Florida Department of Transportation Structures Design Guidelines, 2000 Edition for 

the Load Factor Design (LFD) Method. 
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  Construction Specifications: 
 
1. Florida Department of Transportation Standard Specifications for Road and 

Bridge Construction, 2000 Edition and supplements thereto. 
 

  Design Loads 
 
 Dead Loads: Unit weight of reinforced concrete - 150 pcf 
   Traffic railing barrier  - 418 plf 
   Future wearing surface allowance - 15 psf over traffic surface  
   S.I.P. Forms    - 20 psf applied between beams 
 
 Live Loads: AASHTO HS20-44 with impact 
   
 Wind Loads:  Wind loads are in accordance with AASHTO, Section 3.15, modified 

for a design wind velocity of 110 mph. 
 

  Hydraulic Design Criteria 
 
   Design high water elevation (DHW) -   9.30 ft. (S. side of L-29 Levee) 
        - 10.50 ft. (N. side of L-29 Levee) 
   Control water elevation  -   6.50 ft. (Low control) 
             (South side of L-29 Levee) 
        -   8.50 ft. (High control) 
             (South side of L-29 Levee) 

- 7.50 ft. (Average control) 
(South side of L-29 Levee) 

        -   1.50 ft. Higher than south side  
             (North side of L-29 Levee) 
   Free board above DHW  -  2.00 ft. (Not critical) 
   Maintenance clearance above DHW -  6.00 ft. Above average 
              control water elevation normal 
              (October) elevation 

Navigation clearance (for structures - 6.00 ft. Above high control  
over the L-29 Borrow Canal)    water elevation. 

 

  Material Properties  
 
 Concrete: Substructure     - f’c = 3,400 psi 
   Deck and approach slabs   - f’c = 4,500 psi 
   Prestressed beams   - f’c = 6,000 psi short span beams 
          - f’c = 8,500 psi long span beams 
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f’c = Unit ultimate compressive strength of concrete as determined by 
cylinder test at 28 days of curing. 
 
Concrete shall be in accordance with FDOT Standard Specifications,  
Section 346. 

 
 Reinforcing Steel: 
   In accordance with ASTM A615 - Grade 60 
 
 Prestressing Strands: 
   In accordance with ASTM A416 - Grade 270  
 
 Steel Sheet Piles: 
   In accordance with ASTM A328 - Grade 36 and A709 - Grade 50  
 

 Environment The environment classification for bridges on this project is:  
 
Superstructure:   Non-Corrosive, Slightly Aggressive 

   Substructure:  Non-Corrosive, Slightly Aggressive(assumed) 
 

 Design Method Load Factor Design is used in proportioning all elements of the 
superstructure and substructure with the exception of the following: 

 
1.  Prestressed concrete precast beams are designed by the 

Service Load Method. Ultimate capacity is checked by the 
Load Factor Method. 

2.   Service Load Method is used for pile/drilled shaft loads. 
 

  Allowable Stresses / Loads 
Allowable stresses shall be in full compliance with the AASHTO 
Specifications as amended by the FDOT Structures Design 
Guidelines. 

 
C. Drainage   
 
This section outlines the Federal, State, and local stormwater quality and quantity 
criteria applicable to the proposed Tamiami Trail / US 41 project. This section also 
outlines the Federal, State and local permitting requirements. The criteria and 
parameters outlined in this section are derived from the applicable published 
regulations, permit design manuals and design standards.  
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  Project Drainage Overview 
 
The existing roadway does not have any collection or conveyance system.  Runoff from 
the roadway presently discharges off the road and discharges into adjacent canal on the 
north side of the roadway or into the wetlands on the south side.  No water quality or 
attenuation presently takes place.  There are 55 cross drains under this segment of US 
41 conveying runoff from the canal on the north side of the roadway to the wetlands on 
the south. 
 
Maintaining the existing roadway and providing the new bridges would not require the 
retrofit of the existing roadway with new water quality and quantity requirements, but the 
new construction could be determined to require treatment.  However, the 
reconstruction of the roadway, in its present alignment or new alignments, may require 
the facility to meet all current regulatory requirements for water quality as outlined in the 
Florida Department of Environmental Protection's (FDEP's) Regulation of Stormwater 
Discharge or 62-25, Florida Administrative Code (FAC).  Since South Florida Water 
Management District is the local sponsor of the project, regulatory review must be 
delegated to FDEP.   
 
Consideration of wetland impacts may be a factor in providing or not providing water 
quality treatment.  The discussion of each alternative summarizes potential stormwater 
quality options and the corresponding wetland impacts. 
 
In addition, a copy of the plans and permit package will be submitted to the Miami-Dade 
County Department of Environmental Resources Management (DERM) for their review 
and comment, but a permit may not be required from DERM depending upon a 
determination of applicability.  In addition, the roadway must meet all current design 
guidelines of FDOT.  
 
The following subsections outline the requirements of FDEP Chapter 62-25, FAC: 
 
A permit under this chapter will be required only for a new stormwater discharge facility.  
The phrase “new stormwater discharge facility” means a stormwater discharge facility 
which was not in existence on or before February 1, 1982.  As such, FDEP requires that 
all new stormwater runoff be collected and directed to treatment facilities that meet 
specific design and performance standards.  These treatment facilities pertain to water 
quality requirements and not attenuation issues.  Facilities must provide retention, or 
detention with filtration, of the runoff from the first 1 inch of rainfall; or, as an option, for 
projects or project subunits with drainage areas less than 100 acres, facilities must 
provide retention, or detention with filtration, of the first one-half inch of runoff.  
However, facilities which directly discharge to Outstanding Florida Waters (OFW) shall 
provide additional treatment pursuant to Section 62-25.025(9), FAC.  Stormwater 
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discharge facilities which directly discharge to OFWs shall include an additional level of 
treatment equal to 50% of the previous stated treatment volume.  
 
In addition, retention or detention basins shall provide the capacity for the given volume 
of stormwater within 72 hours following the storm event.  The additional storage volume 
must be provided by a decrease of stored water caused only by percolation through soil, 
evaporation or evapotranspiration. 
 
Erosion and sediment control best management practices shall be used as necessary 
during construction to retain sediment on-site.   Sediment controls shall be designed to 
specific site conditions and shall be shown or noted on the plans of the stormwater 
management system.   
 

  Stormwater Quantity Criteria 

FDOT has jurisdiction over the stormwater quantity criteria for the project. The following 
subsection outlines these requirements:  FDOT requires that new drainage systems 
discharging into FDOT drainage systems must not exceed pre-development critical 
storm peak discharge rate during post-development conditions. Critical storm frequency 
analysis includes storm events with 2- to 100-year frequency and 1-hour to 10-days 
duration. This criteria is outlined in Chapter 14-86 FAC, Stormwater Management 
System Design Criteria.  

The following subsections describe the design criteria for the available best 
management practices (BMPs) to meet the required stormwater quality and quantity 
criteria. 

   Wetland Areas 

The FDEP and USACOE will have jurisdiction over the wetland areas to be impacted by 
the project and may require mitigation for these impacts.  However, the project may be 
considered self-mitigating, in that the project provides increased water levels into 
Everglades National Park.  The requirements of those agencies are outlined in the 
Federal Regulations and the FDEP's Chapter 62-312, FAC and Chapter 373, FS. 
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   Permit Requirements 

γ Florida Department of Environmental Protection (FDEP) 

FDEP requires a joint-permit application that addresses both dredge and fill impacts and 
corresponding wetland mitigation, if required. This application is submitted to both the 
FDEP and USACOE.  Other federal and state agencies are also copied on the permit 
application for their review and comment.  In regards to the stormwater permit, FDEP 
requires a construction permit application, using forms provided by the Department, 
prior to commencement of the construction of the stormwater discharge facility.  

γ Florida Department of Transportation (FDOT) 

Drainage systems discharging into an FDOT system require a Drainage Connection 
Permit. Chapter 14-86 FAC outlines the criteria and requirements of an FDOT Drainage 
Connection permit.  Improvements within the project corridor will not require this type of 
permit. 

γ USEPA General Construction NPDES Permit  
 
The U.S. Environmental Protection Agency (USEPA) under the Federal Clean Water 
Act (CWA) requires that construction projects that disturb 5 acres or more require a 
General Construction National Pollutant Discharge Elimination System (NPDES) Permit. 
Procedures for complying with the General Construction NPDES include submitting a 
Notice of Intent (NOI), developing and implementing a Stormwater Pollution Prevention 
Plan (SWPPP) and submitting a Notice of Termination (NOT). 
The NOI must be submitted to the USEPA at least two (2) days in advance of the start 
of construction and should include the following information: 

1. SFWMD ERP cover page. 
2. A certification that the SWPPP has been prepared in accordance with Part IV 

of the General Construction NPDES Permit criteria. 
3. A narrative statement certifying that the SWPPP provides compliance with 

approved State of Florida issued permits, erosion sediment control plans, and 
stormwater management plans. 

The SWPPP must specify the mechanisms for managing stormwater, including control 
of soil erosion and sediment control, and inspection and maintaining the effectiveness of 
the specified controls. The SWPPP consists of six phases as follows: 

1. Site Evaluation and Design Development 
2. Assessment 
3. Control Selection and Erosion Control Plans Design 
4. Certification and Notification 
5. Construction/Implementation 
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6. Final Stabilization/Termination 
The SWPPP must include erosion and sediment control BMPs. These controls will 
depend on site-specific characteristics and the construction schedule as follows: 

1. Areas that will not be redisturbed for a period of time must be stabilized by 
temporary seeding or mulching. 

2. Off-site vehicle tracking of sediments and generation of dust shall be 
minimized. 

3. Structural controls must be specified for diverting runoff flow from disturbed 
areas, storing flows or limiting the discharge of pollutants from exposed 
areas. Examples of such control may include the following: 

a. Earth dikes 
b. Silt fences 
c. Sediment traps 
d. Sediment basins 
e. Drainage swales 
f. Check dams 
g. Subsurface drains 
h. Storm drain inlet protection 
i. Reinforced soil 
j. Retaining systems 
k. Gabions 
l. Turbidity barriers 

 
After the SWPPP is executed and the project is stabilized and terminated, a NOT is 
submitted to the USEPA and project records should be retained for a minimum of three 
(3) years. 
 
D. Pavement 
 
The main guidance for the new and overlay pavement design and analysis of the 
existing roadway is the Florida Department of Transportation Flexible Pavement Design 
Guide (2000) and the Flexible Pavement Evaluation Guide (1999). 
 
 



 
Engineering Appendix December 2000 
Tamiami Trail Final Design (100%) Submittal 
 

38 

F.     PROBLEMS AND CONSTRAINTS  

 
11. Problems and Constraints  
 
During the course of formulating alternative plans to meet the project objective, several 
problems and constraints were identified.  These issues influenced the types of 
measures that were considered, led to new measures that would resolve problems 
caused by a plan, or resulted in some measures being rejected.  The problems and 
constraints are explained as follows: 
 

a. Modified Water Delivery Program Facilities - There are several facilities that 
have been installed or are planned to be installed in the immediate vicinity of 
Tamiami Trail as part of the Modified Water Deliveries project.  In addition, 
there are other previously installed facilities.  All of these should be avoided 
by any proposed roadway modifications if possible, because conflict would 
necessitate replacement of the facilities, increasing project costs.  It is 
recognized that any alternative along the L-29 levee would be more likely to 
impact these structures.  These facilities are summarized as follows: 

 

Facility  Type  Status  Location 
(L-29 

Stationing)  

Comment  

S-333 Spillway Existing 580+46  

S-334 Spillway Existing 15+26 Planned for modification, 
including a portion of Tamiami 
Trail.  (See S-536 below) 

S-336 Culvert Existing East of L-31W Could be affected by Tamiami 
Trail alignment transition. 

S-355A Spillway Existing 307+00  

S-355B Spillway Existing 183+00  

L-29 Borrow 
Canal 

Canal Existing N/A Modifications not included in 
authorization; hydraulic 
capacity must be maintained. 

L-29 Levee Existing N/A Modifications not included in 
authorization. 

Weir A Weir Planned 490+00  

Weir B Weir Planned 400+00  

Weir C Weir Planned 100+00  

S-356 Pump Station Planned 15+26 Located next to S-334. 
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b. Structure 334 and Tamiami Trail - The Modified Water Deliveries project 

includes modifications to S-334 and the adjustment of Tamiami Trail in the 
vicinity of S-334.  The Tamiami Trail modifications under this project will 
need to consider the S-334 and related Tamiami Trail changes. 

 
 c. L-29 Levee and L-29 Borrow Canal - The L-29 Levee and the adjacent L-

29 Canal are important elements in the management of water flows in the 
eastern Everglades.  Relative to this task assignment, they are significant 
factors in the definition of roadway improvement alternatives and 
assessment of resulting impacts.  For the purposes of this conceptual 
study, the L-29 Canal cross-section, including its maintenance road, must 
be maintained as it serves a role in the movement of waters in the east-
west direction.  The L-29 Levee has a significant role in the Modified 
Waters Delivery Program as the control stage to its north will be 
increased.  The functionality of the levee in terms of its protection 
elevation must be maintained. 

 
 d. Comprehensive Everglades Restoration Plan - This ongoing project, 

referred to as the “restudy” is anticipated to require greater peak flows 
across the Tamiami Trail corridor of approximately 5,500 cubic feet per 
second in comparison to the 4,000 cfs under the Modified Water 
Deliveries project.  While there is presently no authorization for the 
anticipated “restudy” recommendations, it is useful to be aware of these 
requirements, and to avoid precluding reasonable accommodation of 
those needs, provided that there is no cost to do so and that no other 
feature of this project is compromised by doing so. 

 
However, the requirements developed under the current authorization for 
the Modified Waters Delivery Program provide criteria for this project.  As 
such, there is no authorization for the removal of the Tamiami Trail 
embankment, the L-29 Levee or other improvements, unless such action 
would be necessary to accomplish an alternative or be essential from the 
standpoint of maintenance of traffic, or some other integral reason. 

 
 e. Indian Camps - Two villages occupied by members of the Miccosukee 

Tribe of Indians of Florida were anticipated to be affected by higher water 
elevations under the Modified Water Deliveries project.  

 
The Tiger Tail Indian Camp is located north of US 41 between the L-29 
borrow canal and L-29, and between S-355A and S-355B.  This camp was 
mitigated by raising the camp above the critical water elevation. 
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The Osceola Camp is located on the south side of Tamiami Trail, 
approximately 0.6 miles east of S-333.  This site would also be subject to 
inundation under the Modified Water Deliveries Project.   It appears that 
the camp operates at the site under a lease which will be maintained.  
Discussions with the affected parties identified the preferred mitigation to 
raise the site; however, this action has not yet occurred. 

 
Because of the recent investment in raising the Tiger Tail Indian Camp, 
any Tamiami Trail modifications should avoid this site.  There is a boat 
access point adjacent to Tamiami Trail for reaching the camp, and this 
capability should be preserved with any road modifications.  The Osceola 
Indian Camp might be affected by an alignment south of the existing 
Tamiami Trail, but since mitigation of the site elevation has not yet 
occurred, a modified site plan could be considered if there is an impact 
from the road alignment.  

 
 f. Business Facilities - Only one active business site is to remain.  That is 

the Airboat Association of Florida site located approximately 3 miles east 
of S-333.  Reasonable access to this parcel during and following 
construction will be required.  There are also 3 active sites on the south 
side of the Tamiami Trail where there are communications tower, with 
connecting access roads from Tamiami Trail.  If these installations remain 
in place, reasonable access will be required to be maintained during and 
after construction.  

 
 g. Flight 592 Memorial - This memorial and its parking lot are situated on top 

of the L-29 levee approximately 0.1 mile east of the S-333 structure.  Out 
of deference to the victims and casualties of the accident, it would be 
preferable to avoid any impact to this site.  Reasonable access to this site 
will need to be maintained during and after construction. 

 
 h. Recreational Access - The canals and other features on either side of 

Tamiami Trail constitute a significant recreational resource, primarily for 
fishing and airboating.  Primary access points are at the S-333 and S-334 
structures, which connect to the unpaved road on the L-29 levee which 
runs the entire length of the levee, there is also limited access to the L-
31N canal on the east and the L-67 Extension canal to the west.  
Reasonable access to these waterways will need to be maintained during 
and after construction. 

 
 i. Utilities - Initial reconnaissance has identified several utilities in the 

Tamiami Trail corridor.  These will need to be a consideration in the 
alignment alternatives process.   The utilities are summarized as follows: 
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  Χ Electric - Overhead lines between L-29 and borrow canal. 
  Χ Gas - Underground gas line on south side of Tamiami Trail. 
  Χ Fiberoptic - Underground conduit adjacent to electric line. 
   Fiberoptic - Underground conduit on south side of Tamiami Trail. 
 
 j. Hurricane Evacuation Route Designation - The US 41/Tamiami Trail 

corridor is a designated hurricane evacuation route (Route U-41) 
according to mapping available from the Florida Department of 
Community Affairs. Such a designation is typically determined by the 
Department of Community Affairs (DCA), Division of Emergency 
Management with the concurrence of the Florida Department of 
Transportation, and the Emergency Management offices of the affected 
counties, in this case Miami-Dade and Collier Counties.  Collier County 
has designated the road as an evacuation route, while Miami-Dade 
County has not due to consensus over flooding.  District 6 of FDOT has 
also advised COE that at the local level, the road is not recognized as an 
evacuation route.  However, DCA, with the concurrence of the FDOT 
Central Office, has published maps recognizing Tamiami Trail as a 
hurricane evacuation route. 

 
Under hurricane evacuation conditions, evacuation movements would 
occur either in the westbound or eastbound direction depending upon the 
storm track, but using only the one available directional lane.  No single 
flow direction plan using both lanes has been proposed. 
 
The implied significance of this designation is that the evacuation route 
capability of this corridor would need to be maintained during the June-
November hurricane season, which may influence construction phasing 
and maintenance of traffic during construction. 

 
 k. Jurisdictional Wetlands - Nearly all lands to the north of the L-29 levee and 

to the south of the existing Tamiami Trail except already disturbed parcels 
are classified as jurisdictional wetlands.  Any encroachment into these 
areas would constitute an adverse impact which would likely necessitate 
mitigation, except in those situations where the encroachment constitutes 
the lesser impact of the alternatives. 

 
 l. Everglades National Park - The park is being expanded through ongoing 

land acquisition on the south side of Tamiami Trail.  All parcels along the 
road are being or have been acquired.  There are presently the Osceola 
Indian Camp, four souvenir and/or airboat ride businesses, an airboat 
club, two abandoned commercial sites, three communication tower sites 
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and one vacant communications site.  Only the airboat club and the Indian 
camp are to remain.  All of the preceding sites represent some 
disturbance of the original topography due to site filling.  

 
Besides these disturbed sites, the balance of the lands appear to be 
wetlands vegetated predominantly by sawgrass.  The south slope of the 
roadway embankment between the roadway and the parallel ditch is 
vegetated mostly by invasive exotics, dominated by Brazilian pepper.  

 
Also being acquired is a narrow strip of land lying between the relocated 
US 41 and the original Tamiami Trail alignment some 500 feet to the 
south, for a distance of approximately 1.5 miles west of the L-67 Extension 
borrow canal.  

 
Avoidance of existing or programmed Everglades National Park lands 
would be preferable, but could be considered in the situation where this 
represents a better overall solution within the corridor.   

 
 m. Water Conservation Area 3B - This area which lies to the north of Tamiami 

Trail in the study segment is under the management of the South Florida 
Water Management District.  North of the L-29 Levee in proximity to 
Tamiami Trail, there are generally physical improvements or structures.  
The area consists mostly of wetlands dominated by sawgrass.  This area 
is ringed by levees and historically the basin has been utilized to assist in 
the management of water levels and flow quantities.  Any encroachment 
to the north of the L-29 Levee would impact on the wetland habitat 
contained within Water Conservation Area 3B.  

 
 n. Wood Stork Rookery - This nesting and roosting area for the wood stork is 

located on the south side of the roadway at the east end of the corridor.  
The boundary description for this site is being refined.  The limits are 
reported to be approximately 1,000 feet of frontage along Tamiami Trail, 
and extending for about 1,000 feet south of Tamiami Trail.  Impact on this 
area should be avoided if at all possible.  
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G. ALTERNATIVES  
 
12. Basic Alternatives Considered  
 
The process of alternatives analysis proceeded through a series of steps, as follows: 
 
1. Identification of alternatives. 
2. Review and refinement of alternatives [adjustments in alignment and typical 

section in relation to cost and impact issues]. 
3. Development of practical alternatives in greater detail. 
4. Comparative evaluation. 
 
The alternatives considered in this analysis were the following: 
 
 a. Alternative 1:  Existing Alignment and Profile with Four New Bridges.   
 
 b. Alternative 2:  Existing Alignment with Raised Profile and Four New 

Bridges.   
 
 c. Alternative 3:  New North Alignment with Raised Profile and Eight New 

Bridges. 
 
 d. Alternative 4:  New South Alignment with Raised Profile and Four New 

Bridges.   
 
 e. Alternative 5:  New Alignment on Structure.   
 
For all but Alternative 1, a configuration was developed for each alternative which did 
not provide for roadway runoff water quality treatment (for example, Alt. 2A) and a 
second configuration which did provide for water quality treatment (for example, Alt. 
2B).  In addition, an assessment of the existing roadway under existing conditions was 
prepared (see Paragraph 9), as well as an assessment of the existing roadway, 
unmodified, under the Modified Water Deliveries project water elevation conditions (see 
Paragraph 10). 
 
Cost estimates were developed for each alternative and variation, using the USCOE 
MCASES package and the FDOT historical bid price database.  The base cost estimate 
considered typical construction schedules, alternative-specific construction phasing, 
standard siltation curtain provisions, and other assumptions.  The costs should be 
considered conceptual in nature, and special requirements or provisions not discussed 
are not included.  Construction activity may be affected seasonally by habitat 
considerations for certain species; any resulting restrictions and their effect on 
construction costs are not known at this time. 
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13. Alternative 1:  Existing Alignment and Profile with Four New Bridges   
 
A. Description  
 
This alternative is defined as retaining the existing Tamiami Trail alignment, profile and 
typical section, except where modifications are necessary for the construction of 4 new 
bridges to convey MWP flows from the L-29 Canal to Everglades National Park.  The 
only changes from the existing facility are the four new structures and their approaches, 
since the profile must be raised to meet bridge vertical clearance criteria.  The project 
as defined also includes an overlay of the existing pavement.  Two of the bridges will be 
aligned with S-355A and S-355B, and the other two will be situated approximately 
midway between these structures and the east and west ends of the project, 
respectively.  The two middle bridges would have a hydraulic width of 300 feet each, 
while the two outer bridges would have a hydraulic width of 425 feet each.   
 
The construction of the bridges could be accomplished three ways (refer to Plates A1-7, 
A2-7, and A2-7A): 
 
Option 1: New bridges built to the south of the existing road:  Analysis showed this 

option to be the least cost, but introduces two reverse curves in the 
alignment at every bridge. 

 
Option 2: New bridges built on the existing alignment, with temporary detour to the 

south:  This option is somewhat more costly than the previous option, but 
avoids alignment curvatures and permanent wetland disruption. 

 
Option 3. New bridges built on the existing alignment, with temporary detour to the 

north (in the L-29 Canal):  This option avoids even temporary impact to 
wetlands south of the road but requires a costly detour on structure north 
of the existing road using a temporary structure along the north bank of 
the L-29 Canal.  This option adds over $52 million to the project cost. 

 
For the purposes of comparison of alternatives and life-cycle cost analysis, Option 2 is 
utilized. 
 
The existing Tamiami Trail profile and typical section will be modified only in the vicinity 
of the new bridges and only to the extent necessary to match existing roadway profile 
and typical section.  The typical section, key sheet, and plan views of a portion of this 
alternative are depicted in Plates A1-1 through A1-6.  The typical section and details for 
the structures are depicted in Plates A1-7 and A1-8.  The pavement typical section is 
shown on Plate A1-9. 
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As this alignment retains the centerline of the existing facility, no alignment transitions 
are required at either end of the segment, nor are there any impacts to parcels of 
concern along the corridor. 
 
B. Typical Sections and Pavement Design  
 

  Roadway 
 
The existing typical section consists of two 12-foot wide travel lanes, a 12-foot wide 
shoulder on the north side of the roadway, and an 8-foot wide shoulder on the south 
side of the roadway. There is guardrail located at the outside edges of these shoulders. 
 

  Pavement Design 
 
Alternative 1 provides construction for only the new bridges and short segments of the 
existing roadway to be reconstructed as transitions to the new bridges.  The balance of 
the roadway will remain as existing, presumably being maintained under normal Florida 
DOT practices. The pavement will have a grade transition from the nominal average 11 
foot elevation to about elevation 17 feet at the bridge deck. 
 
The amount of fill required to match grades will cause a settlement in the existing 
embankment.  Considering this settlement will occur at the bridge approaches, it is not 
desirable.  Also, with the expense to build the transitions with engineered fill, it does not 
seem prudent to place an engineered embankment on top of uncontrolled material.  
Therefore it is recommended that the embankment for the bridge transitions be 
reconstructed.  This also is in accordance with Florida DOT guidelines. 
 
Reconstruction will require removal of all existing embankment and muck down to the 
bedrock.  The muck removal limits are defined by Florida DOT Standard Index 500.  
This uses a 1:2 control line starting at the edge of shoulder and descending to the top of 
bedrock.  Within these limits, the muck will be removed and replaced with A-1 or A-3 
select material in accordance with Florida DOT Standard Indices 500 and 505. 
 
The pavement thickness for the bridge approaches is designed using Florida DOT 
procedures and are in Appendix C-3.  Although the Florida DOT typically only requires a 
20 year design, the Corps of Engineers has requested a 50 year design.  Since a new 
embankment will be built at a higher elevation, the design will be most economical if 
conventional granular materials can be used with the 2 foot separation from the Design 
High Water elevation of 9.3 feet.     
 
For 50 year traffic of 11.7 million ESALs, a SN of 4.56 is required on an A-3 
embankment material which has a modulus of 12,000 psi.  The pavement design below 
provides a SN of 4.52, which is slightly less than 4.56.  Considering this is a 50 year 
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outlook and that there will be numerous periodic resurfacings, any additional thickness 
deemed necessary can be added with the resurfacings and considered a staged 
construction.  The pavement design is summarized as follows: 
 

Alternative 1 – Bridge Transition Pavement 
¾ inch friction course 
4 inch structural asphalt 
10 inch limerock base course 
12 inch LBR stabilized subbase 
A-1 or A-3 embankment 

 
To meet the separation criteria, the bottom of the limerock base will need to be at 
elevation 11.3 feet or above.  This is easily accommodated with a proposed roadway 
elevation rising up to 17 feet.  At the transition to the existing roadway, where the top of 
asphalt is at 11 feet, a thick asphalt wedge will have to be placed until the separation 
criteria is achieved.  The typical section of these bridge transitions is very similar to 
other alternatives, in particular Plate A2-9 (although water quality treatment is by 
definition not included as part of this alternative).  The typical section of the roadway 
beyond the transition limits is that of the existing roadway (see Plate A0-1). 
 

  Temporary Bypass Pavement Design 
 
Since the new bridges will be constructed on the same alignment as the rest of the 
roadway, a pavement design was completed for the temporary roadways that will be 
used during the construction of the bridges.  The pavement section consists of 2” 
asphalt concrete structural course, 12” limerock, variable depth recycled fill (asphalt 
concrete millings or crushed portland cement concrete), and 8” geocell on top of the 
muck (See Figure 2).  Since differential settlement is expected throughout the life of the 
detour, it is expected that the temporary pavement may need frequent patching and 
overlays to maintain a serviceable condition.  Since the design speed will most likely be 
lower through the work zone, this is considered acceptable. 
 
C. Plan and Profile   
 
The profile is to remain unchanged, except where modifications are necessary for the 
construction of the four new bridges. These bridges are located as follows: 
 

Χ  Directly south of the S-355A drainage structure 
Χ  Directly south of the S-355B drainage structure 
Χ  Directly south of the proposed Weir B location 
Χ  Directly south of the proposed Weir C location 
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These new bridges can be constructed in three ways as discussed below under 
maintenance of traffic options.  
 
D. Structures 
 
The proposed 43’-1’’ wide bridge typical section for the four bridges within this 
alternative provides sufficient deck area for two 12-foot wide travel lanes, and 8-foot 
shoulders on both sides of the travel lanes. Refer to Plate A1-8 for a description of the 
bridge lengths and the associated hydraulic openings.  The bridges are of identical 
length for both maintenance of traffic alternatives. 
 
Several superstructure and substructure alternatives were evaluated to determine the 
most cost effective bridge structure for these crossings. These systems include: 
 

Superstructure Alternatives Substructure Alternatives 
Transversely Post-Tensioned Slab Units 
 
FDOT Precast Prestressed Double Tee 
System 
 
AASHTO Beams Types II, III & IV with 
Cast-in-Place Concrete Deck 

18 and 24 inch square Prestressed 
Concrete Piles (with pre-drilling) 
 
3 foot diameter Drilled Shafts 

 
The most cost-effective bridge structural system for all four bridges uses AASHTO Type 
II Beams with a composite cast-in-place concrete deck. The superstructure is supported 
on pile bents using 18 inch square prestressed concrete piles installed and driven in 
holes predrilled to El. –10.00 into the limerock. 
 
Placement of cranes and delivery of material, such as piles, precast beams, and 
concrete were analyzed to ensure constructibility of the bridges for both maintenance of 
traffic alternatives.  One approach requires a temporary haul road approximately 30 feet 
wide to be constructed south of the proposed bridges to allow for crane placement and 
precast beam delivery.  Another approach requires a temporary haul road 
approximately 20 feet wide between the proposed bridge construction and the 
temporary detour road.  Precast beams would be brought to the site along the 
temporary detour road.  This scheme is preferred. 
 
E. Drainage  
 
This alternative does not require the existing roadway to be reconstructed, except in the 
vicinity of the new bridges.  By definition, no water quality treatment is proposed for this 
alternative.  However, proper “best management practices” for erosion and 
sedimentation controls must be provided during construction.   
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The existing 55 culverts do not need to be replaced at this time.  Based on soil 
parameters obtained during the geotechnical investigation, the existing culverts have an 
expected remaining life of approximately 300 years.  This expected life utilized the 
FDOT’s Culvert Service Life Estimator Program and accounted for the 50 years of 
service the culverts have been in operation.  The result of this analysis is included in 
Appendix B. 
 
F. Utilities 
 
There are existing utilities within the existing roadway corridor; these may be affected by 
the construction. There is a buried telephone facility running behind the guardrail on the 
south side of the roadway.  There is also a 23 kv overhead electric line running along 
the south side, located about 100 feet south of the existing guardrail.  Just behind the 
guardrail on the north side of the roadway is an additional buried telephone facility. 
 
G. Environmental Factors  
 
As this alignment utilizes the existing facility, except for reconstruction near bridges, it 
has somewhat limited environmental impacts.  These include the temporary detour 
roads at each of the new bridges which will impact wetlands to the south, an area of 
18.5 acres for the four bridge sites.  These areas would be restored after construction of 
the bridges is completed.  At additional cost, temporary bridges could be built into the L-
29 Canal.  There is no permanent encroachment into Water Conservation Area 3B, 
Everglades National Park or the wood stork rookery.  
 
H. Maintenance of Traffic During Construction 
 
Traffic is to be maintained as it exists today.  The milling and resurfacing of the existing 
roadway will be accomplished using a moving operation. Staging areas for construction 
equipment and materials could be located on the business parcels along the corridor 
that are to be acquired or are not actively used now.  Otherwise, staging and other 
functions may need to utilize sections of the existing shoulder for temporary periods.  It 
may be necessary to have a staging area near the east end of the corridor, with 
materials moved in the remaining short distance on an “as needed, just-in-time” basis at 
the work site. 
 
There are three options for the horizontal layout of the proposed bridges.  The first 
option is offsetting these new structures to the south of the existing roadway alignment.  
Due to the change in elevations from the existing roadway (11.0 average elevation) to 
the proposed bridge deck (17.0 PGL elevation), shifting the alignment to locate the 
structures outside of the existing typical section allows for a less complex maintenance 
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of traffic scheme.  Once the proposed bridges and their transitions are completed, they 
are opened to traffic flow, and the existing roadway is removed at the bridge openings. 
 
The second option involves the construction of a temporary roadway in the vicinity of 
the proposed bridges that is offset to the south from the existing roadway.  Once 
completed, the traffic is shifted onto this temporary alignment and the new structures 
and approaches are constructed along the existing alignment. 
 
The third option involves the construction of a temporary bridge running parallel to the 
existing roadway over the L-25 Canal.  Transitions would be constructed out to the 
temporary structure.  When completed, traffic is shifted onto the temporary alignment 
and the ultimate alignment is constructed. 
 
The three options for the horizontal layout of the proposed bridges are discussed below: 
 
Option 1:  Offset Final Alignment to the South 
 
The first option is permanently offsetting these new structures to the south of the 
existing roadway alignment.  Due to the change in elevations from the existing roadway 
(±10.4 feet) to the proposed bridge deck (±17 feet), shifting the alignment to locate the 
structure outside of the existing typical section allows for a less complex maintenance of 
traffic scheme.  Once the proposed bridges and their transitions are completed, they 
can be opened up to traffic flow, and the existing roadway will be removed at the bridge 
opening.  These breaches will allow for the flow of water under the bridge.  Because this 
option involves permanent wetland encroachment and introduces undesirable roadway 
geometry, it is not considered further. 
 
For the purposes of this analysis, the temporary detour option was selected because it  
for comparison.  This option is more costly since it requires the construction of a 
temporary roadway, reconstruction of the existing roadway on the approach to the new 
bridge, and removal of the temporary roadway. 
 
Option 2:  Offset Temporary Detour to South 
 
The second option involves the construction of a temporary roadway that is offset to the 
south from the existing roadway.  Once this detour is built, traffic is then shifted onto this 
temporary alignment, and the new structure and its approaches are constructed along 
the existing alignment.  The shift in traffic will allow for the de-mucking operation that will 
be required along the new raised profile. 
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Option 3:  Offset Temporary Detour North into L-29 Canal 
 
O Structures 
 
The detour on the north side of the existing roadway for the construction of 4 bridges 
requires two 1,200-foot long approach bridges and a 1,500-foot long temporary steel 
truss bridge (Bailey bridge) per each bridge site. The width of the temporary bridge is 32 
feet, which provides two 12-foot wide travel lanes, and 4-foot shoulders on both sides of 
the travel lanes.  The gap between the existing roadway and the detour is kept to 
minimum (10 feet) to minimize the length and width of approach bridges.  The required 
width of the approach bridges is 42 feet. 
 
The construction method and the superstructure system proposed for the permanent 
bridges are dictated by limited construction area available. Post-tensioned precast slab 
units with top-down construction are proposed as a viable alternative. The optimum 
span length for this type of superstructure was determined to be around 30 feet. The 
most cost-effective substructure system for these bridges is 18-in. square prestressed 
concrete piles. 
 
The cost analysis is based on the construction of two bridges simultaneously and reuse 
of superstructure of temporary and approach bridges at other two bridge locations.   
 

O Approach Bridges 
 
One line of 36-inch diameter drilled shafts at every 30 feet is proposed in the L-29 canal 
to minimize the interruption of flow with another line of 36-inch diameter drilled shafts 
along the bank. This type of substructure configuration will require a superstructure 
system spanning along the width of the bridge. The best-suited superstructure system 
for this bridge is post-tensioned precast slab units. Precast slab units will be reused at 
other bridge sites. 

 
O Temporary Bridge 
 
The proposed temporary bridge is a 1,500-foot long, two lane Bailey bridge with 30-foot 
spans. The bridge will be supported on piers with two 36-inch diameter drilled shafts. 
Drilled shafts in the L-29 canal will line up with the drilled shafts of the approach bridges 
to minimize the interruption of flow. Temporary bridges will be reused at other bridge 
sites. 
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I. Construction and Life Cycle Costs 
 
The construction costs for this alternative are summarized as follows: 
 
Alternative 1 

Description With Temporary Road at New Bridges 

Without Water Quality Control 
Roadway $9,948,172 
Bridge $4,382,699 
   
Total $14,330,871 

 
The life cycle costs for this alternative were developed for two cases for the roadway 
alone, and for the total project.  Pavement life cycle costs were calculated at 
$13,646,872 while the total project life cycle costs were estimated to be $21,189,677.  
Paragraph 20 later in this section discusses the life cycle cost analysis. 
 
J. Other Aspects 
 
There are existing features that must remain undisturbed. The Flight 592 Memorial is 
located north of the L-29 borrow canal near the western limits of the project. This will not 
be impacted with this alternative. Access will remain at the S-333, S-334, and S-336 
structures.  Access to Tiger Tail Camp, located on the north side of the canal, will 
remain as it is today.  The Osceola Indian Reserve and Florida Airboat Association are 
both located on the south side of the existing roadway near the western limits. The 
existing access points to these sites will remain. 
 
 
14. Alternative 2:  Existing Alignment with Raised Profile and Four New 

Bridges  
   
A. Description 
 
This alternative is defined as modifying the existing Tamiami Trail alignment, profile and 
typical section, throughout the length of the study segment, including the construction of 
4 new bridges to convey Modified Water Deliveries project flows from the L-29 borrow 
canal to Everglades National Park.  Two of the bridges will be aligned with S-355A and 
B, and the other two will be situated approximately midpoint between these structures 
and the east and west ends of the project, respectively.  The two middle bridges would 
have a hydraulic width of 300 feet each, while the two outer bridges would have a 
hydraulic width of 425 feet each.   
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The construction of the bridges could be accomplished three ways (refer to Plates A1-7, 
A2-7, and A2-7A): 
 
Option 1: New bridges built to the south of the existing road:  Analysis showed this 

option to be the least cost, but introduces two reverse curves in the 
alignment at every bridge. 

 
Option 2: New bridges built on the existing alignment, with temporary detour to the 

south:  This option is somewhat more costly than the previous option, but 
avoids alignment curvatures and permanent wetland disruption. 

 
Option 3. New bridges built on the existing alignment, with temporary detour to the 

north (in the L-29 Canal):  This option avoids even temporary impact to 
wetlands south of the road but requires a costly detour on structure north 
of the existing road using a temporary structure along the north bank of 
the L-29 Canal.  This option adds over $52 million to the project cost. 

 
For the purposes of comparison of alternatives and life-cycle cost analysis, Option 2 is 
utilized. 
 
The existing Tamiami Trail profile and typical section will be modified for the length of 
the project and the centerline of the roadway may be adjusted southward to avoid 
encroachment into the L-29 Borrow Canal.  The typical section, key sheet, plan views of 
a portion of this alternative, and construction phasing are depicted in Plates A2-1 
through A2-7A; the typical section of the structures is depicted in Plate A2-8 and the 
pavement typical sections are found on Plates A2-9 and A2-10. 
. 
For the condition where there would be no water quality treatment, the centerline of this 
alignment will fall very close to the centerline of the existing facility.  In this case, the 
existing roadway embankment will be retained and built up within asphalt pavement.  
For the condition where there would be water quality treatment, the centerline of the 
alignment will fall approximately 27 feet to the south, with related wetland encroachment 
to the south of the existing roadway, due in part to the swales included on either side of 
the road.  In this case, the roadway embankment is to be reconstructed.  There are no 
significant alignment transitions required at either end of the segment, nor are there any 
significant impacts to parcels of concern along the corridor. 
 
B. Typical Sections and Pavement Design  
 

  Roadway Typical Section 
 
This typical section consists of two 12-foot wide travel lanes, and 8-foot wide shoulders 
on each side of the roadway. Five feet of this shoulder will be paved. There is guardrail 
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located at the outside edges of these shoulders.  The section with water quality 
treatment has a much wider footprint. 
 

 Pavement Design:   Alternative 2A  - Without Water Quality Treatment 
 
This alternative is upgrading the existing roadway to accommodate a Design High 
Water elevation of 9.3 feet and traffic for 50 years.  This is achieved through placing a 
thick structural overlay.  The upgrade needs to consider the impact of the design high 
water elevation, overtopping, and grade variations. 
 
The recommended approach is to leave the existing asphalt pavement in-place as a 
construction platform and serve as a black base.  The low areas shall all be leveled to 
minimum elevation of 11.0 feet throughout the project.  Then a 6 inch asphalt overlay 
will be placed. The calculations are in Appendix C-4 and summarized again below. 
 
First, by considering the project a maintenance effort, thick structural overlays can be 
used and reconstruction is not necessary.  For the existing roadway, using the average 
elevation of 11 feet, with a 6 inch asphalt thickness, there is slightly more than 1 foot of 
clearance to the 9.3 foot design high water elevation.   In areas where the roadway 
profiles dip as low as 10 feet, the bottom of the existing 6 inch asphalt is essentially at 
the Design High Water level. 
 
A reasonable approach is that after leveling to elevation of 11.0 feet with asphalt 
overbuild, the top 6 inches below elevation 11.0 feet be considered black base.  This is 
quite reasonable because elevation 11.0 feet provides for a foot of clearance from the 
bottom of the declared black base (elevation 10.5 feet) using either existing granular 
embankment or asphalt overbuild.  In many cases, the asphalt overbuild will be 12 
inches thick, providing a total asphalt thickness of 18 inches for over a mile; note this is 
even before the structural overlay is placed.   
 
Recall that the FWD testing conservatively estimated the embankment modulus at 
5,000 psi (the Florida DOT method would predict it at 15,000 psi), and that to account 
somewhat for the higher water level, we reduced the modulus to 4,000 psi.  Using the 
50-year projected traffic and an embankment resilient modulus of 4,000 psi, the 
required structural number is 6.17 inches.  Using the effective AASHTO structural 
number of the existing pavement structure, SNeff, of 3.5, a 6 inch asphalt overlay 
provides a structural number of 6.14.  This is slightly less than the 6.17 required, which 
equates to 0.15 inches of asphalt.  Considering this is a 50 year outlook and that there 
will be numerous periodic resurfacings, any additional thickness deemed necessary can 
be added with the resurfacings and considered a staged construction.  Plate A2-10 
shows the schematic of the pavement section. 
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A key issue is that the roadway will be close to the Design High Water table, and that 
more frequent resurfacings are anticipated than a normal roadway.  This is in part due 
to potential localized failures and some settlement of the muck.  The geotechnical 
subconsultant did a simple settlement calculation of placing a foot of asphalt on top of 
the existing pavement.  The buoyant force of the raised water elevation almost 
counteracts the weight of the additional asphalt.  However, in areas where more than 12 
inches of asphalt are placed, settlements are expected.  Similarly, if the water elevation 
seldom reaches 9.3 feet, then there is less buoyant force and additional settlement is 
expected.   
 
Considering that the existing roadway was resurfaced 7 years ago, and by its cracking 
condition of 6 is technically ready for a resurfacing, a 7 year resurfacing interval for this 
option appears warranted.  This is considerably more frequent than a 10 to 15 year 
interval common in Florida; however, the Tamiami Trail is surrounded by the Everglades 
and exposed to water throughout the year.  The recommended pavement section 
follows: 
 

Alternative 2A  - Without Water Quality Treatment 
 

Proposed centerline elevation = 11.5 feet 
¾ inch friction course 
6 inch structural asphalt 
0-12 inch asphalt overbuild 
Existing 6 inch asphalt pavement 
Existing embankment 
 

 
 Pavement Design:    Alternative 2B - With Water Quality Treatment 

 
This alternative requires widening the embankment footprint to provide water quality 
treatment facilities on each side of the roadway.  After designing the necessary slopes 
for the treatment facilities, it became obvious that one-half of the roadway would be on 
new embankment and one-half on the existing embankment.  This is illustrated in Plate 
A2-9, and is an undesirable condition because of differential settlement across the joint.  
The differential would cause a safety threat to motorists and be a persistent 
maintenance concern.  Therefore, the entire existing embankment is recommend to be 
removed down to the bedrock, and any additional footprint needed also have the muck 
removed to the bedrock.  A new embankment of A-1 or A-3 material needs to be built.   
 
Reconstruction will require removal of all existing embankment and muck down to the 
bedrock.  The muck removal limits are defined by Florida DOT Standard Index 500.  
This uses a 1:2 control line starting at the edge of shoulder and descending to the top of 
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bedrock.  Within these limits, the muck will be removed and replaced with A-1 or A-3 
select material in accordance with Florida DOT Standard Indices 500 and 505. 
 
The pavement thickness is designed using Florida DOT procedures and are in 
Appendix C-3.  The design will be most economical if conventional granular materials 
can be used with the 2 foot separation from the Design High Water elevation of 9.3 feet.  
Therefore, to provide sufficient clearance to accommodate fluctuations in the water 
elevation, a new top of asphalt centerline elevation of 14 feet is recommended.  Plate 
A2-9 is the pavement schematic. 
 
For 50 year traffic of 11.7 million ESALs, a SN of 4.56 is required on an A-3 
embankment material which has a modulus of 12,000 psi.  The pavement design below 
provides a SN of 4.52, which is slightly less than 4.56.  Considering this is a 50 year 
outlook and that there will be numerous periodic resurfacings, any additional thickness 
deemed necessary can be added with the resurfacings and considered a staged 
construction.  The recommended pavement section follows: 
 

Alternative 2B – with Water Quality Treatment 
 
Proposed centerline elevation = 14 feet 
¾ inch friction course 
4 inch structural asphalt 
10 inch limerock base course 
12 inch LBR stabilized subbase 
A-1 or A-3 embankment 
4 inch drainage layer 
A-1 or A-3 embankment 

 
 
To illustrate the clearances, if the top of pavement is at elevation 14 feet, the bottom of 
the limerock base is at elevation 12.75 feet, providing about 3.5 feet of clearance above 
the Design High Water elevation of 9.3 feet.  This exceeds the 2 foot minimum. 
 
As an added precaution against capillary rise from the water table, a 4 inch granular 
drainage layer is placed beneath the LBR 40 subbase.  The drainage layer will be 
designed to have no material smaller than the No. 8 sieve, which will inhibit the capillary 
rise into the base layers and still have construction stability.  The drainage layer will 
need to be wrapped in filter fabric to prevent intrusion of the embankment soils into the 
layer. 
 
The periodic resurfacing interval recommended for this alternative is 12 years.  This is 
the lower end of the typical 10 to 15 year interval in Florida.  This is because even with 
the precautions of the drainage layer and additional high water clearance, the roadway 
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is still in the Everglades and has ample access to water and maybe even unforeseen 
high water events. 
 
C. Plan and Profile 
 
The proposed profile is to be raised to provide a set clearance from the controlled high 
water elevation to the bottom of the proposed roadway subgrade. The set clearance is 
to meet FDOT design criteria, as well as drainage criteria. The proposed elevation at 
the crown of the roadway is 14.0 feet. The profile will be raised significantly in the areas 
of the proposed bridges. These bridges are located as follows: 
 
Directly south of the S-355A drainage structure   
Directly south of the S-355B drainage structure 
Directly south of the proposed Weir B location 
Directly south of the proposed Weir C location 
 
These new bridges can be constructed in three ways.  These are discussed under 
maintenance of traffic options below. 
 
D. Structures 
 
The proposed 43’-1’’ wide bridge typical section for the four bridges within this 
alternative provides sufficient deck area for two 12-foot wide travel lanes, and 8-foot 
shoulders on both sides of the travel lanes. Refer to Plate A2-8 for a description of the 
bridge lengths and the associated hydraulic openings. The bridges are of identical 
length for both maintenance of traffic alternatives. 
 
Several superstructure and substructure alternatives were evaluated to determine the 
most cost-effective bridge structure for these crossings. These systems include: 
 

Superstructure Alternatives Substructure Alternatives 
Transversely Post-Tensioned Slab Units 
 
FDOT Precast Prestressed Double Tee 
System 
 
AASHTO Beams Types II, III & IV with 
Cast-in-Place Concrete Deck 

18 and 24 inch square Prestressed 
Concrete Piles (with pre-drilling) 
 
3 foot diameter Drilled Shafts 

 
The most cost-effective bridge structural system for all four bridges uses AASHTO Type 
II Beams with a composite cast-in-place concrete deck.  The superstructure is 
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supported on pile bents using 18 inch square prestressed concrete piles installed and 
driven in holes predrilled to El. –10.00 feet into the limerock. 
 
Placement of cranes and delivery of material, such as piles, precast beams, and 
concrete were analyzed to ensure constructibility of the bridges for both maintenance of 
traffic alternatives.  One approach requires a temporary haul road approximately 30 feet 
wide to be constructed south of the proposed bridges to allow for crane placement and 
precast beam delivery.  A second approach requires a temporary haul road 
approximately 20 feet wide between the proposed bridge construction and the 
temporary detour road.  Precast beams would be brought to the site along the 
temporary detour road.  This latter scheme is preferred. 
 
E. Drainage  
 
Two drainage alternatives are being considered for the proposed reconstruction. Due to 
potential wetland impacts resulting from the construction of water quality treatment 
facilities, a detailed analysis has been performed, estimating wetland impacts both with 
and without water quality treatment facilities.  In doing so, the permitting agencies will 
have a chance to determine whether wetland impacts offset the required water quality 
treatment. 
 
Water quality treatment requirements are being met in dry linear retention facilities 
adjacent to the proposed roadway.  The invert elevations are set 1 foot above the new 
high control elevation of Canal L-29, which is 8.5 feet.  As such the treatment facilities 
will have a control elevation of 9.5 feet and an overall depth of 1 foot.  Based on water 
quality requirements by FDEP (including Outstanding Florida Water (OFW) 
considerations), the depth of the water quality volume provided is estimated at 0.5 feet 
deep.   
 
Regardless of the stormwater treatment scenarios, the existing system of culverts will 
not be replaced for the reconstruction alternative.  The MWD project did not include the 
culverts to pass the required discharge south into the park.  For this alternative, both 
options encroach on the south headwalls of the culverts.  Consequently, the south end 
of the culverts will be plugged with flowable fill to prevent water from flowing south 
towards the new embankment.   
 
F. Utilities 
 
There are existing utilities within the corridor that will be affected by the new 
construction. There is a buried telephone facility running behind the guardrail on the 
south side of the roadway. There is also a 23 kv overhead electric line running along the 
south side, located about 100 feet south of the existing guardrail. Just behind the 
guardrail on the north side of the roadway is an additional buried telephone facility. 
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All utilities within the proposed typical section will need to be relocated. Utility 
relocations will be coordinated with each utility owner.  As the underground utilities 
appear to fall within the right-of-way, their relocation costs are not included in the cost 
estimates. 
 
G. Environmental Factors 
 
As this alternative without water quality treatment preserves the existing facility, it has 
limited environmental impacts and there is no permanent encroachment into Water 
Conservation Area 3B.  As much of the footprint of  this alternative with water quality 
treatment is located to the south of the existing facility, it has more significant 
environmental impacts, but likewise does not affect Water Conservation Area 3B. 
 
The alignment without water quality treatment encroaches approximately 16 feet to the 
south, while the option with water quality treatment encroaches approximately 59 feet to 
the south.  These permanent  encroachments are 30 and 84 acres, respectively.    
 
For both options regarding water quality treatment, there are also the detour roads at 
each of the new bridges which would temporarily impact wetlands to the south, an area 
of 18.5 acres for the four bridge sites.  These areas would be restored after construction 
of the bridges is completed.  Alternatively, at significant additional cost, a detour into the 
L-29 Canal could be used instead, thus avoiding temporary encroachments into 
wetlands.  
 
H. Maintenance of Traffic During Construction 
 
Alternative 2A  
 

Traffic is to be maintained as it exists today.  The overlay of the existing roadway will be 
accomplished using a moving operation. Staging areas for construction equipment and 
materials could be located on the business parcels along the corridor that are to be 
acquired or are not actively used now.  Otherwise, staging and other functions may 
need to utilize sections of the existing shoulder for temporary periods.  It may be 
necessary to have a staging area near the east end of the corridor, with materials 
moved in the remaining short distance on an “as needed, just-in-time” basis at the work 
site. 
 
There are three options for the horizontal layout of the proposed bridges.  The first 
option is offsetting these new structures to the south of the existing roadway alignment.  
Due to the change in elevations from the existing roadway (11.0 feet average elevation) 
to the proposed bridge deck (17.0 feet profile grade line elevation), shifting the 
alignment to locate the structures outside of the existing typical section allows for a less 
complex maintenance of traffic scheme.  Once the proposed bridges and their 
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transitions are completed, they are opened to traffic flow, and the existing roadway is 
removed at the bridge openings. 
 
The second option involves the construction of a temporary roadway in the vicinity of 
the proposed bridges that is offset to the south from the existing roadway.  Once 
completed, the traffic is shifted onto this temporary alignment and the new structures 
and approaches are constructed along the existing alignment.   
 
The third option involves the construction of a temporary bridge running parallel to the 
existing roadway over the L-25 Canal.  Transitions would be constructed out to the 
temporary structure.  When completed, traffic is shifted onto the temporary alignment 
and the ultimate alignment is constructed. 
 
 
Alternative 2B  
 
Temporary barricades spaced every 50 feet are placed at the north edge of the 
westbound travel lane line.  In ¼ mile increments, the existing guardrail is to be 
removed, and replaced with temporary barrier wall.  The existing shoulder is to be 
removed and replaced with temporary pavement.  Once completed for the entire project 
length, traffic is shifted to the north, utilizing the new pavement.  A ten-foot wide strip of 
temporary pavement is placed south of the existing centerline to allow the roadway to 
slope to the north at 2%.  A temporary concrete barrier is placed one foot north of the 
south edge of the temporary pavement. 
 
Unsuitable material is excavated and embankment is placed and compacted along the 
proposed alignment.  The southern guardrail, eastbound shoulder and both travel lanes 
are constructed.  A temporary barrier wall is placed adjacent to the westbound travel 
lane and traffic is shifted to the new pavement. The westbound shoulder and guardrail 
are constructed and the existing roadway is removed. 
 
Staging areas for construction equipment and materials could be located on the 
business parcels along the corridor that are to be acquired or are not actively used now.  
Otherwise, staging and other functions may need to utilize sections of the existing 
shoulder for temporary periods.  It may be necessary to have a staging area near the 
east end of the corridor, with materials moved in the remaining short distance on an “as 
needed, just-in-time” basis at the work site. 
 
There are three options for the horizontal layout of the proposed bridges.   
 
Offset Final Alignment to the South 
 
The first option is permanently offsetting these new structures to the south of the 
existing roadway alignment.  Due to the change in elevations from the existing roadway 
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(±10.4 feet) to the proposed bridge deck (±17 feet), shifting the alignment to locate the 
structure outside of the existing typical section allows for a less complex maintenance of 
traffic scheme.  Once the proposed bridges and their transitions are completed, they 
can be opened up to traffic flow, and the existing roadway will be removed at the bridge 
opening.  These breaches will allow for the flow of water under the bridge.  Because this 
option involves permanent wetland encroachment and introduces undesirable roadway 
geometry, it is not considered further. 
 
For the purposes of this analysis, the temporary detour option was selected because it  
for comparison.  This option is more costly since it requires the construction of a 
temporary roadway, reconstruction of the existing roadway on the approach to the new 
bridge, and removal of the temporary roadway. 
 
Offset Temporary Detour to South 
 
The second option involves the construction of a temporary roadway that is offset to the 
south from the existing roadway.  Once this detour is built, traffic is then shifted onto this 
temporary alignment, and the new structure and its approaches are constructed along 
the existing alignment.  The shift in traffic will allow for the de-mucking operation that will 
be required along the new raised profile. 
 
Offset Temporary Detour North into L-29 Canal 

   Structures 
 
The detour on the north side of the existing roadway for the construction of 4 bridges 
requires two 1,200-foot long approach bridges and a 1,500-foot long temporary steel 
truss bridge (Bailey bridge) per each bridge site.  The width of the temporary bridge is 
32 feet, which provides two 12-foot wide travel lanes, and 4-foot shoulders on both 
sides of the travel lanes. The gap between the existing roadway and the detour is kept 
to minimum (10 feet) to minimize the length and width of approach bridges. The 
required width of the approach bridges is 42 feet. 
 
The construction method and the superstructure system proposed for the permanent 
bridges are dictated by limited construction area available. Post-tensioned precast slab 
units with top-down construction are proposed as a viable alternative. The optimum 
span length for this type of superstructure was determined to be around 30 feet. The 
most cost-effective substructure system for these bridges is 18-in. square prestressed 
concrete piles. 
 
The cost analysis is based on the construction of two bridges simultaneously and reuse 
of superstructure of temporary and approach bridges at other two bridge locations.   
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   Approach Bridges 

One line of 36-inch diameter drilled shafts at every 30 feet is proposed in the L-29 Canal 
to minimize the interruption of flow with another line of 36-inch diameter drilled shafts 
along the bank. This type of substructure configuration will require a superstructure 
system spanning along the width of the bridge. The best-suited superstructure system 
for this bridge is post-tensioned precast slab units.  Precast slab units will be reused at 
other bridge sites. 

 
   Temporary Bridge 

The proposed temporary bridge is a 1,500-foot long, two-lane Bailey bridge with 30-foot 
spans.  The bridge will be supported on piers with two 36-inch diameter drilled shafts. 
Drilled shafts in the L-29 Canal will line up with the drilled shafts of the approach bridges 
to minimize the interruption of flow.  Temporary bridges will be reused at other bridge 
sites. 
 
I. Construction and Life Cycle Costs   
 
The cost of this alternative without water quality treatment is $24,354,651 and with 
water quality treatment is $58,550,650.  Most of the cost is related to the roadway 
elements, and is slightly greater with water quality control because of the additional fill 
required. 
 
Alternative 2 

Description With Temporary Road at New Bridges 

Alt. 2A - Without Water Quality Control 
Roadway $19,949,427 
Bridge $4,405,224 
   
Total $24,387,038 
 
Alt. 2B – With Water Quality Control 
Roadway $54,145,434 
Bridge $4,405,224 
   
Total $58,550,658 

 
The life cycle costs for this alternative were developed for two cases:  for the roadway 
alone, and for the total project.  For the case without water quality treatment, pavement 
life cycle costs were calculated at $19,153,047 while the total project life cycle costs 
were estimated to be $32,530,077.  For the case with water quality treatment, pavement 
life cycle costs were calculated at $32,778,010 while the total project life cycle costs 
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were estimated to be $50,126,440.  Paragraph 20 later in this section discusses the life 
cycle cost analysis. 
 
J. Other Aspects  
 
There are existing features that must remain undisturbed.  The Flight 592 Memorial is 
located north of the L-29 borrow canal near the western limits of the project. This will not 
be impacted with this alternative.  Access will remain at the S-333, S-334, and S-336 
structures. Access to Tiger Tail Camp, located on the north side of the canal, will remain 
as it is today.  The Osceola Indian Reserve and Florida Airboat Association are both 
located on the south side of the existing roadway near the western limits.  The existing 
access points to these sites will remain. 
 
15. Alternative 3:  New North Alignment with Raised Profile and Eight New 

Bridges    
 
A. Description 
 
This alternative is defined as relocating the Tamiami Trail alignment to a location north 
of the L-29 Borrow Canal. This would include the construction of 8 new bridges along 
the relocated roadway to convey MWP flows from Water Conservation Area 3B across 
the  L-29 levee to the L-29 Borrow Canal.  The bridges would be aligned with existing S-
355A and B (each with flow channel bottom widths of 60 feet), and with proposed Weirs 
A, B, and C, which are to be 200 feet, 150 feet, and 200 feet in length, respectively.  
There would also need to be a bridge near either end of the corridor to carry the 
relocated roadway over the L-29 Borrow Canal and a bridge over the L-29 Borrow 
Canal for access to the Airboat Association of Florida site. 
 
The proposed alignment is to be shifted to the north side of the L-29 borrow canal. The 
alignment will allow for a 15 feet wide canal maintenance berm.  Construction activities 
involve eliminating the existing levee, and allowing for the proposed roadway to act as 
the new levee.  Materials from the existing levee will be utilized in constructing the new 
alignment.  
 
The existing Tamiami Trail embankment would need to be breached at locations similar 
to the bridge locations for Alternatives 1 and 2.   The typical section, key sheet, plan 
views of the selected portions of this alternative, and construction sketches are depicted 
in Plates A3-1 through A3-11; the structures are depicted in Plates A3-13A and A3-13B.  
The pavement typical sections are shown on Plates A3-14 and A3-15. 
 
As this alignment does not retain the centerline of the existing facility, alignment 
transitions are required at either end of the segment.  The presence of various water 
control structures, memorial and recreational sites, adjacent wetlands, and the width 
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and orientation of canals together with geometric design criteria and bridge structure 
layout considerations present significant constraints to the location and configuration of 
these transitions.  At the east end of the corridor, the proposed S-356 pump station and 
adjacent S-334 spillway replacement and adjustments to levees and Tamiami Trail are 
additional factors affecting the transition.  In addition, the location and configuration of 
the two existing spillways and three proposed weirs, as well as the Tiger Tail Indian 
Camp present additional alignment considerations. 
 
B. Typical Sections and Pavement Design  
 
Roadway Typical Section 
 
This typical section consists of two 12-foot wide travel lanes, and 8-foot wide shoulders 
on each side of the roadway.  Five feet of this shoulder will be paved.  There is guardrail 
located at the outside edges of these shoulders.  The proposed roadway will act as the 
levee under the definition of this alternative.  The typical section with water quality 
treatment is much wider. 
 
Pavement Summary 
 
The first item of interest for this alternative relative to subgrade requirements is whether 
or not the levee is suitable for widening and supporting a roadway.  The geotechnical 
investigation extended 3 borings through the levee and 3 through the maintenance 
road.  What is evidenced is the levee was built with the same construction technique as 
the roadway embankment, namely the limestone bedrock placed on top of the muck.  
By mere nature of the consolidation potential of the muck, and the large amounts of fill 
required to provide a 2 lane roadway (existing levee top is only 10 feet wide), it is not 
prudent to build the majority of a roadway on an engineered embankment and allow part 
to be on an uncontrolled fill.  Also of concern are the low SPT blow counts of the levee.  
They are typically 3 to 5 per foot; these are similar to the blow counts in the roadway 
embankment that is submerged.  This suggests that the levee is of a lower quality than 
the roadway embankment, and given the depth of additional fill and slope stability 
concerns, it is recommended the existing levee not be used, but rather removed to 
bedrock and rebuilt. 
 
Reconstruction will require removal of all existing embankment and muck down to the 
bedrock.  The muck removal limits are defined by Florida DOT Standard Index 500.  
This uses a 1:2 control line starting at the edge of shoulder and descending to the top of 
bedrock.  Within these limits, the muck will be removed and replaced with A-1 or A-3 
select material in accordance with Florida DOT Standard Indices 500 and 505. 
 

The pavement thickness is designed using Florida DOT procedures and are in 
Appendix C-3.  For rebuilding, the proposed roadway elevation is 17.4 feet because that 
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is the elevation of the future Pump Station 356 tieback levee.  With a nominal 4 foot 
pavement envelope required (including a high water separation), there is ample 
clearance above the 9.3 feet Design High Water elevation.  Plates A3-14 and A3-15 are 
the pavement schematics for the options with and without water quality treatment. 
 

For 50 year traffic of 11.7 million ESALs, a SN of 4.56 is required on an A-3 
embankment material which has a modulus of 12,000 psi.  The pavement design below 
provides a SN of 4.52, which is slightly less than 4.56.  Considering this is a 50 year 
outlook and that there will be numerous periodic resurfacings, any additional thickness 
deemed necessary can be added with the resurfacings and considered a staged 
construction.  The periodic resurfacing interval recommended for this alternative is 12 
years.  The proposed pavement section is as follows: 

 

Alternative 3 – with and without Water Quality Treatment 
 
Proposed centerline elevation = 17.4 feet 
¾ inch friction course 
4 inch structural asphalt 
10 inch limerock base course 
12 inch LBR stabilized subbase 
A-1 or A-3 embankment 

 

 

C. Plan and Profile 
 
The profile will be raised to provide a set clearance from the controlled high water 
elevation to the bottom of the proposed roadway subgrade. The set clearance is to meet 
FDOT design criteria, as well as SFWMD criteria. The proposed elevation at the crown 
of the roadway is 17.4 feet. The profile will be raised significantly in the areas of the 
proposed bridges. These bridges are located as follows: 
 
Transition over the L-29 borrow canal at the west end of the project 
Transition over the L-29 borrow canal at the east end of the project 
At the S-355A drainage structure 
At the S-355B drainage structure 
Access bridge to the Airboat Association of Florida site 
At the proposed Weir A location 
At the proposed Weir B location 
At the proposed Weir C location 
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D. Structures 
 
The proposed 43’-1’’ wide bridge typical section applies to eight bridges within this 
alternative and provides sufficient deck area for two 12-foot wide travel lanes, and 8-foot 
shoulders on both sides of the travel lanes. A proposed 35’-1’’ wide bridge typical 
section applies to the access bridge to the Airboat Association of Florida site and 
provides sufficient deck area for two 12-foot wide travel lanes, and 4-foot shoulders on 
both sides of the travel lanes. Refer to Plates A3-13A and A3-13B for a description of 
the bridge lengths and the associated hydraulic openings. 
 
Several superstructure and substructure alternatives were evaluated to determine the 
most cost effective bridge structure for these crossings.  These systems include: 
 

Superstructure Alternatives Substructure Alternatives 
Transversely Post-Tensioned Slab Units 
 
FDOT Precast Prestressed Double Tee 
System 
 
AASHTO Beams Types II to VI with Cast-
in-Place Concrete Deck 
 
Florida Bulb Tees 72 and 78 with  
Cast-in-Place Concrete Deck 

18 and 24 inch square Prestressed 
Concrete Piles (with pre-drilling) 
 
3 foot diameter Drilled Shafts 

 
The most cost-effective bridge structural systems vary for the eight bridges within this 
alternative and is presented in Plate A3-13A. 
 
Placement of cranes and delivery of material, such as piles, precast beams, and 
concrete were analyzed to ensure constructibility of the bridges for this alternative. The 
bridges for Alternative 3 present the most challenges regarding constructibility. 
 
Installation of the drilled shafts, prestressed piles and precast beams for the bridges 
over the L-29 Borrow Canal will most likely be performed from barge-mounted cranes. 
Crane size and lifting capability may be limited based on the size of barge that can be 
transported to and placed within the canal. Materials delivery for the roadway 
embankment and the other bridges on the north side of the L-29 Borrow Canal will 
require the completion of at least one of the transition bridges inasmuch as the existing 
access roads will be insufficient to handle the quantity of materials required for more 
than ten miles of construction. 
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E.  Drainage  
 
As discussed in Alternative 2, an analysis of wetland impacts associated for both with 
and without stormwater quality treatment has been performed.  However, wetland 
impacts are associated with only the north side of the levee.   
 
Water quality treatment requirements are being met in dry linear retention facilities 
adjacent to the proposed roadway.  The invert elevation for the north treatment area is 
set 1 foot above the DHW of 10.5 feet.  As such the treatment facilities will have a 
control elevation of 11.5 and an overall depth of 1 foot. The invert elevation for the south 
treatment area is set 1 foot above the control elevation of Canal L-29 of 8.5 feet.  As 
such the treatment facilities will have a control elevation of 9.5 and an overall depth of 1 
foot.  Based on water quality requirements by FDEP, the depth of the water quality 
volume, including OFW considerations provided is estimated at 0.5 feet deep.   
 
In addition, the existing US 41 roadway will be breached in appropriate locations to 
account for the new bridges proposed in this alternative.  The lengths of the breaches 
will approximate the length of the new bridges.   The depth of the breaches will match 
natural ground on the south side of the roadway.  For this alternative, the culverts under 
existing Tamiami Trail will not be filled with flowable fill as they are unaffected by the 
new construction, except for the breaches.     
 
F. Utilities 
 
There are existing utilities within this alignment corridor that will be affected by the new 
construction. There is a buried telephone utility running at the base of the existing levee 
on the south side. There is also power poles running on the canal maintenance berm on 
the north side of the canal.  Other utilities along the existing road embankment may be 
affected by the transition sections. Utility relocations will be coordinated with each utility 
owner.  Relocation of the two utilities along the levee have been included in the 
estimate. 
 
G. Environmental Factors 
 
The basic alignment without water quality treatment has encroachment to the north of 
the levee in the form of two short segments at S-355A and at S-355B/Tiger Tail Camp 
where it encroaches approximately 30 feet to the north.  The option with water quality 
treatment encroaches a similar distance at the same locations, but also has a 
continuous basic encroachment of approximately 40 feet to the north.  These 
permanent encroachments are 3 acres and 56 acres, respectively.  There are no 
temporary encroachments into wetlands.  There is permanent encroachment into Water 
Conservation Area 3B.  
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H. Maintenance of Traffic During Construction 
 
The proposed alignment for this alternative does not impact the existing alignment, 
except at the transitions on each end of the project limits.  Therefore, traffic is to be 
maintained as it exists today.  The proposed roadway is constructed on the existing 
levee, north of the existing alignment.  A temporary roadway is constructed south of the 
existing alignment in the transition areas.  Once the temporary roadway is completed, 
traffic is shifted onto it and the transitions are constructed to the new roadway.  Traffic is 
then shifted to the new alignment, and the existing roadway is removed. 
 
Staging areas for construction equipment and materials could be located on the 
business parcels along the corridor that are to be acquired or are not actively used now.  
Otherwise, staging and other functions may need to utilize sections of the existing 
shoulder for temporary periods.  It may be necessary to have a staging area near the 
east end of the corridor, with materials moved in the remaining short distance on an “as 
needed, just-in-time” basis at the work site. 
 
Maintenance of traffic will be an issue primarily at the beginning and end transitions. 
Access to the Flight 592 Memorial and S-333 will be maintained at all times. Access to 
the Tiger Tail Camp will be maintained from the new alignment. 
 
I. Construction and Life Cycle Costs 
 
The cost of this alternative without water quality treatment is $67,959,312 and with 
water quality treatment is $73,457,368.  Most of the cost is related to the roadway 
elements, and is slightly greater with water quality control because of the additional fill 
required. 
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 Alternative 3  
Description  

Alt. 3A - Without Water Quality Control  
Roadway $54,707,691 
Bridge $13,251,619 
    
Total $67,959,312 
Alt. 3B - With Water Quality Control 

Roadway $60,1212,374 
Bridge $13,244,994 
   
Total $73,457,368 

 
The life cycle costs for this alternative were developed for two cases:  for the roadway 
alone, and for the total project.  For the case without water quality treatment, pavement 
life cycle costs were calculated at $32,881,601 while the total project life cycle costs 
were estimated to be $70,751,666.  For the case with water quality treatment, pavement 
life cycle costs were calculated at $35,909,171 while the total project life cycle costs 
were estimated to be $76,249,766.  Paragraph 20 later in this section discusses the life 
cycle cost analysis. 
 
J. Other Aspects  
 
There are several locations along the alignment that have been closely analyzed. The 
Flight 592 Memorial, located north of the L-29 borrow canal near the western limits of 
the project should remain undisturbed if possible.  It will not be impacted by this 
alignment and access will remain at the S-333 structure. The alignment will need to 
transition to the north to avoid conflict with Tiger Tail Camp, S-355A, and S-355B.  This 
shift will create a larger impact to the existing wetlands north of the existing levee.  
 
The Osceola Indian Camp and Airboat Association of Florida sites are both located on 
the south side of the existing roadway near the western limits.  A portion of the existing 
roadway must remain intact to provide access to the Osceola Indian Camp.  A bridge 
will be required to provide access to the Airboat Association of Florida site from the 
proposed alignment on the north side of the canal.   
 
A pump station is proposed on the north side of the canal near the eastern limits.  The 
roadway will need to be located south of the pump station.    
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16. Alternative 4:  New South Alignment with Raised Profile and Four New 
Bridges   

 
A. Description  
 
This alternative is defined as relocating the Tamiami Trail alignment to a location south 
of the existing Tamiami Trail embankment. This alternative would include the 
construction of 4 new bridges along the relocated roadway to convey MWP flows from 
the L-29 borrow canal to Everglades National Park.  The bridges would be aligned with 
existing S-355A and B (each with flow channel bottom widths of 60 feet), and the other 
two will be situated approximately midpoint between these structures and the east and 
west ends of the project.   The two middle bridges would have a hydraulic width of 300 
feet each, while the two outer bridges would have a hydraulic width of 425 feet each.  
 
The existing Tamiami Trail embankment would need to be breached at locations similar 
to the bridge locations for Alternatives 1 and 2.  Access to the Airboat Association of 
Florida site and the Osceola Indian Camp would be maintained.  If any other parcels, in 
particular the communication tower sites, require access maintenance, other access 
connections might be needed.  The typical section, key sheet, plan views of a portion of 
this alternative, and construction phasing are depicted in Plates A4-1 through A4-11; the 
structures are depicted in Plate A4-12.  The pavement typical sections are shown on 
Plates A4-13 and A4-14. 
 
As this alignment does not retain the centerline of the existing facility, alignment 
transitions are required at either end of the segment.  At the east end of the corridor, the 
proposed S-356 pump station and adjacent S-334 spillway replacement and 
adjustments to levees and Tamiami Trail are additional factors affecting the transition.  
 
B. Typical Sections and Pavement Design  
 
Roadway Typical Section 
 
This typical section consists of two 12-foot wide travel lanes, and 8-foot wide shoulders 
on each side of the roadway. Five feet of this shoulder will be paved. There is guardrail 
located at the outside edges of these shoulders.  The typical section with water quality 
treatment is much wider. 
 
Pavement Design 
 
This alternative is constructing a new alignment south of the existing roadway.  This will 
require muck removal down to the bedrock.  The muck removal limits are defined by 
Florida DOT Standard Index 500.  This uses a 1:2 control line starting at the edge of 
shoulder and descending to the top of bedrock.  Within these limits, the muck will be 
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removed and replaced with A-1 or A-3 select material in accordance with Florida DOT 
Standard Indices 500 and 505. 
 
The pavement thickness is designed using Florida DOT procedures and are in 
Appendix C-3.  The design will be most economical if conventional granular materials 
can be used with the 2 foot separation from the Design High Water elevation of 9.3 feet.  
Therefore, to provide sufficient clearance to accommodate fluctuations in the water 
elevation, a new top of asphalt centerline elevation of 14 feet is recommended.  Plates 
A4-13 and A4-14 are the pavement schematics for the options with and without water 
treatment. 
 
For 50 year traffic of 11.7 million ESALs, a SN of 4.56 is required on an A-3 
embankment material, which has a modulus of 12,000 psi.  The pavement design below 
provides a SN of 4.52, which is slightly less than 4.56.  Considering this is a 50 year 
outlook and that there will be numerous periodic resurfacings, any additional thickness 
deemed necessary can be added with the resurfacings and considered a staged 
construction.  The proposed pavement section is as follows: 
 

Alternative 4 – with and without Water Quality Treatment 
 
Proposed centerline elevation = 14 feet 
¾ inch friction course 
4 inch structural asphalt 
10 inch limerock base course 
12 inch LBR stabilized subbase 
A-1 or A-3 embankment 
4 inch drainage layer 
A-1 or A-3 embankment 

 
To illustrate the clearances, if the top of pavement is at elevation 14 feet, the bottom of 
the limerock base is at elevation 12.75 feet, providing about 3.5 feet of clearance above 
the Design High Water elevation of 9.3 feet.  This exceeds the 2 foot minimum.  As an 
added precaution against capillary rise from the water table, the 4 inch granular 
drainage layer is placed beneath the LBR 40 subbase.  
 
The periodic resurfacing interval recommended for this alternative is 12 years.  This is 
the lower end of the typical 10 to 15 year interval in Florida.  This is because even with 
the precautions of the drainage layer and additional high water clearance, the roadway 
is still in the Everglades and has ample access to water and maybe even unforeseen 
high water events. 
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C. Plan and Profile 
 
The proposed profile will provide a set clearance from the controlled high water 
elevation to the bottom of the proposed roadway subgrade. The set clearance is to meet 
FDOT design criteria, as well as SFWMD criteria. The proposed elevation at the crown 
of the roadway is 14.0 feet. The profile will be raised significantly in the areas of the 
proposed bridges. These bridges are located as follows: 
 
Directly south of the S-355A drainage structure   
Directly south of the S-355B drainage structure 
Directly south of the proposed Weir B location 
Directly south of the proposed Weir C location 
 
At all bridge locations, the existing roadway will need to be breached. These breaches 
allow for the flow of water under the bridge. 
 
D. Structures 
 
The proposed 43’-1’’ wide bridge typical section for the four bridges within this 
alternative provides sufficient deck area for two 12-foot wide travel lanes, and 8-foot 
shoulders on both sides of the travel lanes. Refer to Plate A4-12 for a description of the 
bridge lengths and the associated hydraulic openings. The bridges are of identical 
length for both Maintenance of Traffic alternatives. 
 
Several superstructure and substructure alternatives were evaluated to determine the 
most cost effective bridge structure for these crossings. These systems include: 
 

Superstructure Alternatives Substructure Alternatives 
Transversely Post-Tensioned Slab Units 
 
FDOT Precast Prestressed Double Tee 
System 
 
AASHTO Beams Types II, III & IV with 
Cast-in-Place Concrete Deck 

18 and 24 inch square Prestressed 
Concrete Piles (with pre-drilling) 
 
3 foot diameter Drilled Shafts 

 
The most cost-effective bridge structural system for all four bridges uses AASHTO Type 
II Beams with a composite cast-in-place concrete deck. The superstructure is supported 
on pile bents using 18 inch square prestressed concrete piles installed and driven in 
holes predrilled to El. –10.00 into the limerock. 
 
Placement of cranes and delivery of material, such as piles, precast beams, and 
concrete were analyzed to ensure constructibility of the bridges for both Maintenance of 
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Traffic alternatives.  One approach requires a temporary haul road approximately 30 
feet wide to be constructed south of the proposed bridges to allow for crane placement 
and precast beam delivery.  A second approach requires a temporary haul road 
approximately 20 feet wide between the proposed bridge construction and the 
temporary detour road. Precast beams would be brought to the site along the temporary 
detour road.  The latter approach is preferred. 
 
E. Drainage  
 
As discussed in Alternative 2, an analysis of wetland impacts associated for both with 
and without stormwater quality treatment has been performed.  However, wetland 
impacts associated with providing stormwater treatment are only on the south side of 
the new roadway alignment.   Due to the proximity of the new alignment to the existing 
roadway, the proposed treatment facilities on the north side of the new alignment will be 
constructed in the existing embankment.   
 
Water quality treatment requirements are being met in dry linear retention facilities 
adjacent to the proposed roadway.  The invert elevations are set 1 foot above the new 
high control elevation of Canal L-29, which is 8.5.  As such the treatment facilities will 
have a control elevation of 9.5 and an overall depth of 1 foot.  Based on water quality 
requirements by FDEP, the depth of the water quality volume provided, including OFW 
considerations, is estimated at 0.5 feet deep.   
 
Regardless of the stormwater treatment scenarios, the existing system of culverts will 
not be replaced for the reconstruction alternative.  The MWD project did not require the 
culverts to move the required discharge south into the park.  For this alternative, both 
options encroach on the south headwalls of the culverts.  Consequently, the culverts will 
be plugged with flowable fill to prevent water from flowing south towards the new 
embankment. 
 
F. Utilities 
 
There are existing utilities within the corridor that will be affected by the new 
construction. There is a buried telephone facility running behind the guardrail on the 
south side of the roadway. There is also a 23 kv overhead electric line running along the 
south side, located about 100 feet south of the existing guardrail.  
 
All utilities within the proposed typical section will need to be relocated. Utility 
relocations will be coordinated with each utility owner. 
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G. Environmental Factors 
 
As this alignment is located nearly entirely to the south of the existing facility, it has 
significant environmental impacts.  The alignment without water quality treatment 
encroaches approximately 45 feet to the south, while the option with water quality 
treatment encroaches approximately 70 feet to the south.  These permanent  
encroachments are 62 and 95 acres in area, respectively.  There are no temporary 
encroachments into wetlands.  There is permanent encroachment into Everglades 
National Park and the wood stork rookery.  
 
H. Maintenance of Traffic During Construction 
 
Maintenance of traffic will be a factor primarily at the beginning and end transitions to 
the existing roadway.  Access to the Osceola Indian Camp and the Airboat Association 
of Florida sites will be maintained at all times. 
 
Temporary barricades spaced every 50 feet are to be placed at the south edge of the 
westbound travel lane line. In ¼ mile increments, the existing guardrail is to be 
removed, and replaced with temporary barrier wall.  The existing shoulder is to be 
removed and replaced with temporary pavement.  Once completed for the entire project 
length, traffic is shifted to the north, utilizing the new pavement.    A 10-foot wide strip of 
temporary pavement is placed south of the existing centerline to allow the roadway to 
slope to the north at 2%.  A temporary concrete barrier is placed one foot north of the 
south edge of the temporary pavement. 
 
Unsuitable material is excavated and embankment is placed and compacted along the 
proposed alignment.  The southern guardrail, eastbound shoulder and both travel lanes 
are constructed.  A temporary barrier wall is placed adjacent to the westbound travel 
lane and traffic is shifted to the new pavement. The westbound shoulder and guardrail 
are constructed and the existing roadway is removed. 
 
Staging areas for construction equipment and materials could be located on the 
business parcels along the corridor that are to be acquired or are not actively used now.  
Otherwise, staging and other functions may need to utilize sections of the existing 
shoulder for temporary periods.  It may be necessary to have a staging area near the 
east end of the corridor, with materials moved in the remaining short distance on an “as 
needed, just-in-time” basis at the work site. 
 
I. Construction and Life Cycle Costs 
 
The cost of this alternative without water quality treatment is $45,235,110 and with 
water quality treatment is $47,128,438.  Most of the cost is related to the roadway 
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elements, and is slightly greater with water quality control because of the additional fill 
required. 
 
 Alternative 4  
Alt. 4A - Without Water Quality Control  
Roadway $40,844,178 
Bridge $4,390,932 
    
Total $45,235,110 
Alt 4B - With Water Quality Control 

Roadway $42,390,932 
Bridge $4,390,932 
   
Total $47,128,438 

 
The life cycle costs for this alternative were developed for two cases:  for the roadway 
alone, and for the total project.  For the case without water quality treatment, pavement 
life cycle costs were calculated at $25,462,350 while the total project life cycle costs 
were estimated to be $48,233,140.  For the case with water quality treatment, pavement 
life cycle costs were calculated at $26,503,665 while the total project life cycle costs 
were estimated to be $50,126,440.  Paragraph 20 later in this section discusses the life 
cycle cost analysis. 
 
J. Other Aspects 
 
There are existing features that must remain undisturbed. The Flight 592 Memorial is 
located north of the L-29 borrow canal near the western limits of the project. This will not 
be impacted with this alternative. Access will remain at the S-333, S-334, and S-336 
structures.  Access to Tiger Tail Camp, located on the north side of the canal, will 
remain as it is today.  The Osceola Indian Camp and Airboat Association of Florida are 
both located on the south side of the existing roadway near the western limits.  It may 
be necessary to acquire right-of-way from these facilities to construct the roadway with 
this alignment. 
 
17. Alternative 5:  New Alignment on Structure  
  
A. Description  
 
This alternative is expected to be defined as reconstruction of the Tamiami Trail 
alignment between S-333 and S-334 as an elevated structure for the entire length of the 
segment.  A key map depicting the basic features of this alternative is found on Plate 
A5-2.  The alignment would be positioned to minimize impact and construction cost, and 
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to facilitate maintenance of traffic during construction.  The profile would be established 
per the applicable drift, maintenance and navigation bridge clearances that would be 
applicable for a particular alignment, although excessive “up and down” profiling would 
be avoided.  This alternative requires only a modest alignment transition at either end of 
the segment. 
 
The existing Tamiami Trail embankment would need to be breached at locations similar 
to the bridge locations for Alternatives 1 and 2.  The typical section would be standard 
the entire length, with two travel lanes of 12 feet, two shoulders of 8 feet, and outside 
barrier shapes.  Exceptions would occur where a surface connection for access or other 
reasons might be required; at these locations turning lanes might be needed.  The 
typical section is depicted in Plate A5-1, and plan views of key locations along this 
alternative are depicted in Plates A5-3, A5-3A, A5-4 and A5-5.  Construction phasing is 
shown on Plates A5-6 and A5-6A, and bridge details on Plate A5-7. 
 
As for Alternatives 2 to 4, this alternative is presented in configurations with and without 
water quality treatment.  For the instance without water quality treatment, the new 
bridge deck would be equipped with drain scuppers that would discharge directly to the 
area below.  For the instance with water quality treatment, piping would convey runoff to 
dry retention facilities constructed on adjacent segments of the abandoned existing 
roadway embankment.  These facilities would be approximately 600 feet long and 
spaced at ½ mile intervals, such that there would be approximately 22 of them in the 
corridor.  These would require maintenance to be provided by workers using lightweight 
equipment transported by boat. 
 
B. Typical Sections and Pavement Design  
 
Roadway Typical Section 
 
The roadway typical section shall provide two 12-foot travel lanes with 8-foot shoulders 
and outside barriers. 
 
Pavement Design 
 
Alternative 5 is a bridge for the entire 11 mile length of the MWD project.  At each end 
there will be short reconstruction segments of the roadway to transition to the new 
bridges.  The pavement will have a grade transition from the nominal average 11 foot 
elevation to about elevation 17 feet at the bridge deck. 
 
The amount of fill required to match grades will cause a settlement in the existing 
embankment.  Considering this settlement will occur at the bridge approaches, it is not 
desirable.  Also, with the expense to build the transitions with engineered fill, it does not 
seem prudent to build good material on top of uncontrolled material.  Therefore, it is 
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recommended that the embankment for the bridge transitions be reconstructed.  This 
also is in accordance with Florida DOT guidelines. 
 
Reconstruction will require removal of all existing embankment and muck down to the 
bedrock.  The muck removal limits are defined by Florida DOT Standard Index 500.  
This uses a 1:2 control line starting at the edge of shoulder and descending to the top of 
bedrock.  Within these limits, the muck will be removed and replaced with A-1 or A-3 
select material in accordance with Florida DOT Standard Indices 500 and 505. 
 
The pavement thickness for the bridge approaches is designed using Florida DOT 
procedures, and are in Appendix C-3.  Although the Florida DOT typically only requires 
a 20 year design, the Corps of Engineers has requested a 50 year design.  Since a new 
embankment will be built at a higher elevation, the design will be most economical if 
conventional granular materials can be used with the 2 foot separation from the Design 
High Water elevation of 9.3 feet.     
 
For 50 year traffic of 11.7 million ESALs, a SN of 4.56 is required on an A-3 
embankment material, which has a modulus of 12,000 psi.  The pavement design below 
provides a SN of 4.52, which is slightly less than 4.56.  Considering this is a 50 year 
outlook and that there will be numerous periodic resurfacings, any additional thickness 
deemed necessary can be added with the resurfacings and considered a staged 
construction.  The proposed pavement section is as follows: 
 

Alternative 5 – Bridge Transition Pavement 
 
¾ inch friction course 
4 inch structural asphalt 
10 inch limerock base course 
12 inch LBR stabilized subbase 
A-1 or A-3 embankment 

 
 
To meet the separation criteria, the bottom of the limerock base will need to be at 
elevation 11.3 feet or above.  This is easily accommodated with a proposed roadway 
elevation of 17 feet.  At the transition to the existing roadway, where the top of asphalt is 
at 11 feet, a thick asphalt wedge will have to be placed until the separation criteria is 
achieved.  The typical section of these bridge transitions is very similar to other 
alternatives, in particular Plate A2-9 (except water quality treatment may or may not be 
provided).   
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C. Plan and Profile  
 
The profile will be established per applicable drift, maintenance and navigation bridge 
clearances, while minimizing humps in the profile. 
 
D. Structures 
 
The proposed 43’-1’’ wide bridge typical section provides sufficient deck area for two 
12-foot wide travel lanes, and 8-foot shoulders on both sides of the travel lanes.  A 
proposed 35’-1’’ wide bridge typical section applies to the access bridge to the Airboat 
Association of Florida site and provides sufficient deck area for two 12-foot wide travel 
lanes, and 4-foot shoulders on the both sides of the travel lanes. Refer to Plate A5-8 for 
a description of the bridge length.  Refer to Plate A5-3A for a description of the access 
bridge to the Airport Association of Florida site. 
 
Several superstructure and substructure alternatives were evaluated to determine the 
most cost effective bridge structure. These systems include: 
 

Superstructure Alternatives Substructure Alternatives 
Transversely Post-Tensioned Slab Units 
 
FDOT Precast Prestressed Double Tee 
System 
 
AASHTO Beams Types II, III & IV with 
Cast-in-Place Concrete Deck 
 
Florida Bulb Tees 72 and 78 with  
Cast-in-Place Concrete Deck 

18 and 24 inch square Prestressed 
Concrete Piles (with pre-drilling) 
 
3 foot diameter Drilled Shafts 

 
The most cost-effective bridge structural system for the bridge uses AASHTO Type V 
Beams with a composite cast-in-place concrete deck. The superstructure is supported 
on pile bents using two 3-foot diameter drilled shafts. 
 
Placement of cranes and delivery of material, such as piles, precast beams, and 
concrete were analyzed to ensure constructibility of the bridges for this alternative.  
Installation of the drilled shafts and erection of the precast beams for the bridges over 
the L-29 Borrow Canal will most likely be performed from barge-mounted cranes.  
Crane size and lifting capability may be limited based on the size of barge that can be 
transported to and placed within the canal.   
 
The minimum offset of the centerline of the bridge from the centerline of the roadway 
was established as 36 feet to allow a minimum buffer area of 5 feet from the temporary 
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barrier to the edge of bridge, to allow the construction of temporary pavement without 
impacting the wetlands (see Maintenance of Traffic section), and to allow a minimum of 
50 feet of canal width for barge operations.  This offset could be increased by 10 feet to 
allow for a pullout lane for precast beam delivery.  This offset cannot by increased 
sufficiently to allow for crane placement on the south bank of the canal without either 
filling part of the canal or impacting the wetlands by shifting the traffic farther south. 
 
E. Drainage 
 
Two drainage alternatives are being considered for this alternative.  One alternative 
does not include water quality treatment of stormwater runoff from the new structure or 
its approach roadways.  As such, runoff from the bridge would be discharged through 
scuppers at regular spacings on both sides of the bridge deck. The other variation with 
water quality treatment would be requires catchment of the runoff through a piping 
system to a system of dry linear retention facilities constructed on the remaining existing 
road embankment.  The individual swales would be approximately 600 feet long and 
spaced at ½ mile intervals.  Maintenance would be performed from boats. 
 
The culverts under the existing roadway embankment would be unaffected by new 
construction except for breaches for water flow, and would be left in place. 
 
F. Utilities 
 
There are existing utilities within the corridor that will be affected by the new 
construction. There is a buried telephone facility running behind the guardrail on the 
north side of the roadway. There is also a buried telephone facility running behind the 
guardrail on the south side of the roadway. 
 
All utilities within the proposed typical section will need to be relocated. Utility 
relocations will be coordinated with each utility owner. 
 
G. Environmental Factors 
 
As this alignment is located between the existing Tamiami Trail and the L-29 borrow 
canal, it has limited environmental impacts.  These include the temporary wetland 
impacts of the two detour roads at either end of the corridor which will impact wetlands 
to the south, an area of 0.9 acres for the two transitions.  These areas would be 
restored after construction of the transitions is completed.  There is no permanent 
encroachment into Water Conservation Area 3B, Everglades National Park, or the wood 
stork rookery.  
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H. Maintenance of Traffic During Construction 
 
In order to construct this alignment, the existing roadway will need to be shifted to the 
south.  This shift will prevent any traffic flow to be allowed underneath the proposed 
structure. Once temporary pavement is constructed on the south shoulder, traffic can be 
shifted out from under the proposed alignment.  Construction staging will be done from 
a barge in the L-29 Borrow Canal, minimizing the impact to both the wetlands and the 
traffic.  Refer to Paragraph D above for additional discussion. 
 
Temporary barricades spaced every 50 feet are to be placed at the south edge of the 
eastbound travel lane line. In ¼ mile increments, the existing guardrail is to be removed, 
and replaced with temporary barrier wall.  The existing shoulder is to be removed and 
replaced with temporary pavement.  Once completed for the entire project length, traffic 
is shifted to the south, utilizing the new pavement.  A 10-foot wide strip of temporary 
pavement is placed north of the existing center line to allow the roadway to slope to the 
north at 2%.  A temporary concrete barrier is placed at the north south edge of the 
temporary pavement.  The bridge is then constructed. 
 
A temporary roadway is constructed south of the existing alignment in the transition 
areas.   Once the temporary roadway is completed, traffic is shifted onto it and the 
transitions are constructed to the new bridge.  Traffic is then shifted to the new 
alignment, and the existing roadway is removed. 
 
Staging areas for construction equipment and materials could be located on the 
business parcels along the corridor that are to be acquired or are not actively used now.  
Otherwise, staging and other functions may need to utilize sections of the existing 
shoulder for temporary periods.  It may be necessary to have a staging area near the 
east end of the corridor, with materials moved in the remaining short distance on an “as 
needed, just-in-time” basis at the work site. 
 
I. Construction and Life Cycle Costs 
 
The cost of this alternative is approximately $135,915,000 million without water quality 
treatment and $140,314,000 with water quality control.  Most of these costs are in the 
cost of the lengthy structure.   
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Alternative 5  
Alt. 5A - Without Water Quality Control  
Roadway $2,375,900 
Bridge $133,539,100 
    
Total $135,915,000 
Alt 5B - With Water Quality Control 

Roadway $2,375,900 
Bridge $137,938,100 
   
Total $140,314,000 

 
The life cycle costs for this alternative were developed for the total project, but not for 
the roadway alone as only a small part of the alignment is roadway on embankment.  
The total project life cycle costs will be in excess of the initial capital costs.  Life cycle 
costs were calculated for this alternative, and would far exceed those of the other 
alternatives due to the high initial cost, and recurring costs for various elements of 
bridge maintenance.  Paragraph 20 later in this section discusses the life cycle cost 
analysis. 
 
J. Other Aspects 
 
The existing Tamiami Trail embankment will be breached at locations similar to the 
bridge locations for Alternative 4.  Connecting roads will be provided for access to the 
airboat club to remain.  Access to the Osceola camp will be by way of a connecting road 
from the west.  At these locations turning lanes may be needed.  The flow in the L-29 
borrow canal will not be obstructed by piers or any other portion of the superstructure.   
 
18. Life Cycle Cost Analysis  
 
A life cycle cost analysis was prepared for the alternatives, to include those 
configurations with and without water quality treatment. While three detour/maintenance 
of traffic options were examined for Alt. 1 and Alt. 2A, the temporary detour to the south 
was used for this analysis.  An analysis was also prepared for the scenario of overlaying 
the existing facility.   
 
The analyses were based on a 50-year term using a 4% interest rate.  While bridges are 
designed for a 75-year service life, no salvage value was presumed at the end of the 
analysis period for the bridges or any other features.  Minor recurring costs of bridge 
inspection were also not considered.  Other maintenance costs were considered to be 
similar between the alternatives and therefore not a substantial influence in the 
outcome.   
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Because of the importance of the issue of overlaying the existing roadway versus 
reconstructing it under the various alternatives and their variations, the life cycle cost 
was calculated by alternative for two cases:  for the total project and for the pavement-
related elements only.  In this way, the relative merits of the pavement options could be 
assessed separately from other project components.   
 
Specific assumptions for the two pavement cross section scenarios are presented in the 
following table: 
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Life Cycle Cost Assumptions (Pavement)  
Overlay Construction [Applies to Existing Roadway Improved to Standards, 
Alternative 1 (Without Water Quality Treatment) and Alternative 2B - Without 
Water Quality Treatment]  
 
7-year maximum overlay life, based on continued settlement caused by muck, and the 
fact that it has deteriorated to a condition of 6 over the past 7 years. 
  
Overbuild quantity assumed over 50% of the road because of the continued differential 
settlement and the necessity to restore cross slope. 
 
Thicker removal and replacement required (3” assumed) because of the increased 
possibility of structural problems (evidenced by the beginning of cracking in one of the 
thicker cores).  Also, the pavement structure will be more susceptible to structural 
problems due to increased water level. 
 
To summarize the overlay requirements, the following table of pavement materials is 
provided: 
Friction Course  ¾” 
Structural Course 6” 
Variable depth leveling course to remove 
surface deviations and restore cross slope  

0-12” 

Existing roadway (considered LBR-40 
subbase). 

12” minimum 

Reconstructed Roadway Section (Applies to Alternatives with New Embankment 
Construction (including subgrade), including Alternative 2 With Water Quality 
Treatment, Alternative 3 With and Without Water Quality Treatment, and 
Alternative 4 With and Without Water Quality Treatment] 
 
12-year maximum overlay life, based on the fact that the muck will be removed and 
differential settlement will cease. 
 
Removal of muck means that no overbuild will be required. 
 
New pavement structure will be more resistant to fluctuations in water level.  As a 
result, structural problems are not likely. 
 
Because of this, a thinner “functional” removal and replacement is required (2.25” 
assumed). 
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Overlay Construction  
 
The 50 year roadway designs will require periodic maintenance activities.  These 
include resurfacings and a complete guardrail replacement.  As discussed under the 
alternatives that only use an asphalt overlay (namely Upgrade the Existing and 
Alternative 2 without Water Quality Treatment), more frequent resurfacings will be 
required due to the proximity of the water table.  It is anticipated that the resurfacings 
will be required due to future settlements and localized pavement failures.  As the 
existing pavement has deteriorated to a condition of 6 in the past 7 years, it is 
recommended that a 7 year mill and resurfacing interval be used.   
 
In addition, it is anticipated that sometime over the next 50 years, guardrail standards 
will change.  It is therefore anticipated that a complete guardrail replacement will occur 
in about 30 years.  The details of the life cycle cost are discussed at the end of 
Appendix C-4. 
 
Roadway Reconstruction Life Cycles  
 
Reconstructed roadways are those that are on embankments rebuilt from the bedrock 
with all muck removed.  In particular, this would be the remaining options B, C, D of 
Alternative 2, Alternative 3 and Alternative 4.  The bridge approaches of Alternatives 1 
and 5 are short and would be covered under the periodic maintenance Work Program 
for the remainder of the roadway.  For the reconstruction alternatives, a longer mill and 
resurfacing interval of 12 years is recommended.  This is due to the reconstructed 
embankment and the higher roadway elevations providing greater water separation. 
 
In addition, it is anticipated that sometime over the next 50 years, guardrail standards 
will change.  It is therefore anticipated that a complete guardrail replacement will occur 
in about 30 years.  The details of the life cycle cost are discussed at the end of 
Appendix C-4. 
 
Summary of Results  
 
The results of the life cycle cost analysis are presented in Table 1.  It is seen that the 
pavement life cycle cost is the least for the Alternative 1, followed by Alternative 2A - 
Without Water Quality Treatment, as it is similar to Alternative 1.  Neither of these calls 
for the rebuilding of the existing roadway embankment.  Alternative 4 with or without 
water treatment is next in cost, followed by Alternative 2 with water quality treatment.  
The highest pavement life cycle costs are for Alternative 3 with and without water quality 
treatment.  Alternative 1 has a lower life cycle cost because the pavement is not raised 
due to the higher water control level and will sustain occasional flooding.  Alternatives 
3A or 3B are more costly as they are built to a higher finished elevation and the 
embankment they sit on must be rebuilt. 
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The results of the life cycle cost analysis for the total project alternatives show the 
alternatives ranked from lowest to highest cost as follows: 
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 1. Alternative 1 Without Water Quality Treatment 
 2. Alternative 2A Without Water Quality Treatment 
 3. Alternative 4A Without Water Quality Treatment 
 4. Alternative 4B With Water Quality Treatment 
 5. Alternative 2B With Water Quality Treatment 
 6. Alternative 3A Without Water Quality Treatment 
 7. Alternative 3B With Water Quality Treatment 

8. Alternative 5A Without Water Quality Treatment 
9. Alternative 5B With Water Quality Treatment 

 
This ordering parallels the results for the pavement life cycle cost analysis.  All other 
things being equal, Alternative 1 has the lowest life cycle cost.  However, for not a large 
increase, Alternative 2A provides conformance with subgrade clearance and eliminates 
the overtopping of the roadway.  Alternative 2B with water quality treatment is greater in 
cost than the Alternative 4 options because it requires removal of a portion of the 
existing roadway embankment.  Alternative 3 options are more costly due to additional 
embankment removal and reconstruction as well several more bridges.  Although there 
are insignificant ongoing maintenance costs associated with Alternative 5, it carries the 
highest life cycle cost due to the high initial construction cost spread over the 50-year 
life cycle period. 
 
19. Comparative Evaluation of Alternatives 
 
The environmental, economic and social and cultural effects of each primary alternative 
considered are shown in Tables 3 and 4.  All the alternatives but one satisfy the 
functional requirements dictated by the project objective, namely to convey the Modified 
Water Deliveries Project flows while addressing roadway subgrade and cross-section 
requirements of the Florida Department of Transportation for the roadway, including 
subgrade clearances, with one exception.  The exception is Alternative 1 which by 
definition does not include building up the roadway profile for subgrade clearance and to 
conform to the design high water elevation. 
 
It is again noted that Alternatives 2, 3, and 4 have variations with and without the water 
quality treatment, which amounts to dry retention swales parallel to and on either side of 
the roadway.  For simplicity in the tables, Option 2 for the construction of the four new 
bridges under Alternatives 1 and 2 was utilized.  Option 2 calls for the placement of the 
bridges on the tangent of the finished roadway using a temporary detour road rather 
than offset to the south under Option 1 or a temporary bridge in the canal under Option 
3.  Option 2 is always more costly than Option 1 because it requires construction of a 
temporary detour road, removal and reconstruction of the existing embankment, and 
removal of the temporary detour road.  The differential is from $1.5 million to $6 million 
depending upon the alternative.  Option 3 is extremely high in cost differential.  The 
ranking of alternatives according to cost is similar to that for the project life cycle cost 
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listing.  Dimensions for wetland encroachment generally extend the length of the 
corridor. 
 
Several observations can be made upon inspection of the table, as follows: 
 
Χ Water quality treatment cannot be included in Alternatives 2, 3 and 4 without 

introducing significant wetland encroachment. 
Χ The inclusion of water quality treatment in Alternatives 2, 3 and 4 increases the 

project cost, by $34 million for Alternative 2, over $5 million for Alternative 3, and 
$2 million for Alternative 4, while affecting 71, 23, and 68 acres of wetlands, 
respectively. 

Χ The inclusion of water quality treatment necessarily results in wetland impacts, 
and encroachment to either Water Conservation Area 3B or Everglades National 
Park. 

Χ Alternative 1 is least costly and has the lowest life cycle cost, but has the 
drawbacks of not satisfying FDOT subgrade criteria, and being subject to 
flooding. 

Χ An important issue is the efficacy of removing the existing roadway embankment 
as in Alternative 2A with water quality treatment versus raising the road on the 
existing embankment as in Alternative 2B without water quality treatment versus 
building new embankment and leaving the existing embankment in place as in 
Alternative 4 versus rebuilding the levee as a road in Alternative 3.   

Χ Building on the existing road embankment is more cost-effective, provided water 
quality treatment is not required. 

Χ Alternative 2 with water quality treatment is more expensive than Alternative 4 
with water quality treatment because it requires removal of the existing road 
embankment. 

Χ Impacts to real estate sites, recreational access, and water management 
infrastructure are generally minimal.  Alternative 4 encroaches upon the Osceola 
Camp and the Airboat camp, while Alternative 3 is in proximity to the Tiger Tail 
Camp. 

Χ Alternative 5 is substantially more expensive, although it has relatively limited 
adverse impacts.  It could be viewed differently than the other alternatives 
because its elevated configuration might be judged to  relate to potential long-
range water management actions in the corridor under potential CERP actions. 
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H.     OTHER ALTERNATIVE CONFIGURATIONS 
INVESTIGATED 

 
 
20. Introduction 
 

As part of the review of the Preliminary Design (75%) Submittal document, and based 
on comments received at an interagency coordination meeting, several technical topics 
were identified for which it was determined that additional information to augment the 
Preliminary Design (75%) submittal.  This additional data would be useful in refining 
certain aspects of the original roadway alternatives and in examining slight 
modifications to the alternatives which might yield variations with fewer adverse 
impacts. 
 
This information was compiled into an Interim Summary Report which was a compilation 
of the responses prepared to address the eight specific topic areas for which additional 
technical information was requested.  As part of the Final Design (100%) Report, this 
additional information was incorporated into this section of the report, except for one 
topic detailing construction methods for the basic alternatives.  That information was 
incorporated into the narrative describing maintenance of traffic for each of the 
alternatives. 
 
 
21. Creative Water Quality Options 

Information Request 

Identify and discuss “creative” water quality treatment (WQT) techniques for Alternative 
#2 that will minimize potential wetland impacts.  Possible “creative” WQT techniques 
include, but should not be limited to, using reinforcement to steepen slopes, wet 
detention, using curb and gutter outside of the guardrail, etc.  If a viable solution is 
identified, note whether it can be applied to other alternatives. 
 
Additional Information 
 
1. Background 
 
The initial definition of the set of alternatives considered for the Tamiami Trail corridor 
incorporated a simple, straightforward approach to meeting water quality treatment 
standards  -  dry retention systems were proposed on both sides of the roadway.  This 
type of system is relatively simple to build and maintain.  However, in consideration of 
the required wider footprint for the original Alternatives 2B, 3B and 4B with water quality 
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treatment, and the resultant impacts to existing wetlands in Everglades National Park, 
the need to explore "creative" water quality treatment options was identified, and 
several such options have been evaluated.  It was determined that the options would be 
applied to Alternative 2B - With Water Quality Treatment (Dry Retention Swales), and 
the applicability to Alternatives 3B and 4B noted.  The results of this evaluation are 
summarized in this section. 
 
The primary objective with all options considered was to lessen the width of the  
required footprint for the roadway section from toe-of-slope to toe-of-slope, thus 
reducing the area of existing wetlands affected by the project.  This was pursued by 
considering alternate water quality treatment options, compressing the typical section, 
and encroaching into the L-29 Canal. 
 
Plates depicting typical sections and related features of the options are included at the 
end of this section. 
 
 
2. Definition of Potential “Creative” Water Quality Treatment Techniques for 

Alternative 2B 
 
The following "creative" water quality treatment strategies have been identified and 
have been developed in view of the relevant regulatory requirements, and reviewed in 
terms of feasibility, cost, constructibility, impacts to wetlands, relevance to other 
alternatives:  
 
Option 1: Shifting and/or compressing the roadway section. 
Option 2: Exfiltration trenches with curb and gutter.  
Option 3: Exfiltration trenches with shoulder gutter. 
Option 4: Wet detention system. 
Option 5: Single dry retention swale. 
 
The five options are described as follows: 
 
 
Option 1: Shifting and/or Compressing the Roadway Section. 
 
This option entails shifting the typical section for Alternative 2B - With Water Quality 
Treatment (Dry Retention Swale) to the north.  In conjunction with this modification, the 
resulting encroachment into the L-29 Canal would be accommodated by widening the 
canal to the north, or by using vertical wall sections in two different configurations to 
reduce the width of the typical section in the area of the dry retention swales.  These 
three options are discussed as follows: 
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Option 1-A: Shift Alignment and Compress Swale With Wall Elements/South Side 
(Alt. 2C) 
 
In this option, the typical section would be compressed by installing a wall system on 
the south side of the roadway that would reduce encroachment into the wetlands of 
Everglades National Park, without any encroachment into the L-29 Canal.  The 
construction of a reinforced wall along the south side of the existing roadway is included 
to minimize the extent of this encroachment, and the dry retention area is compressed 
between this taller wall and a short gravity wall.   
 
The configuration permits construction of the raised roadway and walls to the south of 
the existing roadway with a temporary wall system.  If the centerline of the new roadway 
section were not offset sufficiently from the existing centerline, it would not be possible 
to construct the new section literally on top of the existing section.  
 
The existing pavement, sub-grade, fill and muck will be removed totally and back-filled 
with appropriate fill to the bottom of the sub-grade.  A double wall section is proposed 
on the south side providing a 5-foot wide dry retention area.  The placement of this 
walled section on the south side provides adequate space on the north side to provide 
again a 5-foot wide dry retention area with standard reinforced side slopes.  Runoff from 
the south side of roadway would enter the south side swale through barrier wall inlets, 
whereas runoff from the north side would sheet flow into the north side retention area.  
The bottom elevation of the swales would be the same as for Alternative 2 With Water 
Quality Treatment (Dry Retention Swale), which is elevation 9.5 feet, one foot above the 
high water level control elevation, 8.5 feet. 
 
Constructibility for this alternative would require that the traffic lanes be shifted to the 
north and a temporary wall system be installed adjacent to this roadway on the south 
side.  Then the remaining existing embankment on the south side would be removed 
and the new embankment installed up to the elevation of the existing road.  The 
temporary wall system would be extended upward to permit the completion of a portion 
of the new roadway.   Traffic would be shifted to the new roadway and the north portion 
of the roadway excavated and reconstructed up to finish profile.  The new roadway 
section would then be completed and traffic shifted to the final configuration. There is a 
cost premium associated with this scheme because of the roadway elevation 
differentials and the need for the temporary wall. 
 
The additional profile elevation affects the section width, but requires 29 feet less in 
width compared to Alternative 2B - With Water Quality Treatment (Dry Retention 
Swales, for a net impact of 21 feet of wetland impact.  This is in comparison to 50 feet of 
impact for the original Alternative 2B - With Water Quality Treatment (Dry Retention 
Swales).  This option does not encroach into the hydraulic capacity of the L-29 Canal. 
 



 
Engineering Appendix December 2000 
Tamiami Trail Final Design (100%) Submittal 
 

98 

The estimated cost for this alternative is $132,214,250 for the length of the corridor.  
This is a $73,663,600 additive to the cost of Alternative 2B - With Water Quality 
Treatment (Dry Retention Swales). 
 
Option 1-B: Shift Alignment and Compress Swale With Wall Elements/ North Side  
(Alt. 2D) 
 
In this option, the typical section would be compressed by installing a wall system that 
would encroach into the L-29 Canal sufficiently so that there would be no encroachment 
into the wetlands of Everglades National Park on the south side of the roadway.  The 
construction of a reinforced wall along the north side of the existing roadway entails the 
placement of piles and concrete panels in the L-29 Canal at an elevation near the 
bottom of the canal. 
 
The existing pavement, sub-grade, fill and muck will be removed totally and back-filled 
with appropriate fill to the bottom of the sub-grade.  A double wall section is proposed 
on the north side providing a 5-foot wide dry retention area.  The placement of this 
walled section on the north side provides adequate space on the south side to provide 
again a 5-foot wide dry retention area with standard reinforced side slopes.  Runoff from 
the north side of roadway would enter the north side swale through barrier wall inlets, 
whereas runoff from the south side would sheet flow into the south side retention area.  
The bottom of the swales would be the same as for Alternative 2B - With Water Quality 
Treatment (Dry Retention Swales), which is elevation 9.5 feet, one foot above the high 
water level control elevation, 8.5 feet. 
 
Constructibility for this alternative would require that the traffic lanes be shifted to the 
north and a temporary wall system be installed adjacent to this roadway on the south 
side.  Then the remaining existing embankment on the south side would be removed 
and the new embankment installed up to the elevation of the existing road.  The 
temporary wall system would be extended upward to permit the completion of a portion 
of the new roadway.   Traffic would be shifted to the new roadway and the north portion 
of the roadway excavated and reconstructed up to finish profile.  The new roadway 
section would then be completed and traffic shifted to the final configuration. There is a 
cost premium associated with this scheme because of the roadway elevation 
differentials and the need for the temporary wall. 
 
This option does encroach into the hydraulic capacity of the L-29 Canal, removing about 
200 square feet of flow area.  This loss can be compensated for by removal of a like 
area along the north bank of the canal, or by deepening the canal by the same area. 
 
The estimated cost for this alternative is $160,484,850 for the length of the corridor.  
This is a $101,934,200 additive to the cost of Alternative 2B - With Water Quality 
Treatment (Dry Retention Swales). 
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Option 1-C: Shift Typical Section North into L-29 Canal (Alt. 2E) 
 
In this option, the typical section for Alternative 2B – With Water Quality Treatment (Dry 
Retention Swales) would be shifted northward, encroaching into the L-29 Canal.  The 
extent of encroachment is approximately 50 feet, such that the south bank of the canal 
would need to be filled in and the north bank of the canal would require excavation by 
the same amount.   
 
While this is conceptually feasible, there are several issues associated with it.  First, as 
the canal is approximately 100 feet wide presently, the 50 feet of widening to the north 
will consume most of the flat plateau to the north.  It may be possible to excavate the 
lower portion of this replacement widening at a steeper slope so as to replace the lost 
area with a section that is less in width.  This would allow for a relocated canal 
maintenance road and would permit the telephone and fiber optic utilities to remain in 
place.  Turbidity control during excavation could also be a concern. 
 
Another issue is the method for filling in the canal so that sufficient load capacity is 
achieved and that the fill is stable.  This will be difficult to achieve underwater, and will 
also raise issues of turbidity control during fill placement.  It may be necessary to use 
the construction method noted for Option 1-B wherein a concrete panel wall is 
constructed to contain the fill material.  This approach would also reduce the lost cross-
sectional area in the canal such that less excavation would be required to the north.  
However, this wall system would significantly increase the cost of the solution.   
 
Other issues associated with this concept are preserving the required canal section in 
the vicinity of the Tiger Tail Indian Camp, the recreational area in the east part of the 
corridor next to the levee, at existing structures S-355A and S-355B, and at the site of 
the four proposed weir structures.  In these areas, several solutions could be 
considered.  The roadway section could be shifted to the south to avoid any impact, but 
would incur encroachment into wetlands in Everglades National Park.  Also, to effect 
such an offset and the pair of alignment transitions at up to eight locations in the 
corridor could result in an unacceptably “wavy” alignment with safety implications.  It 
appears that, if the extent of canal excavation is reduced from 50 feet to 25-30 feet, 
then the existing and future water control structures would not be affected.   
 
Another solution would be to place the roadway on structure in these areas over the 
canal.  However, considering the lengths involved this would add significant cost.   
 
If impact to the water control structures is avoidable, then perhaps the compromise 
strategy at the Tiger Tail Indian Camp and the eastern recreational area would be to 
shift the alignment at these locations and incur some wetlands impact.  A total distance 
of about 3,500 feet of the roadway would encroach into the wetlands in each of these 
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areas, with the extent of the encroachment ranging up to 59 feet per the template for 
Alternative 2B - With Water Quality Treatment (Dry Detention Swales).  This would yield 
a wetland impact of 2.7 acres per location or a total of 5.4 acres.  The use of the vertical 
wall system as discussed for Options 1-A and 1-B would moderate the impact at 
additional cost so that there would be no encroachment into the wetlands of Everglades 
National Park on the south side of the roadway.  However, application of this concept 
would make Option 1-C identical to Option 1-B. 
 
Constructibility for this alternative would require that the traffic lanes be shifted to the 
south within the existing roadway and a temporary wall system be installed adjacent to 
this roadway on the north side.  Then the remaining existing embankment on the north 
side would be removed and the new embankment installed in this area and in the canal 
up to the elevation of the existing road.   The existing pavement, sub-grade, fill and 
muck will be removed totally and backfilled with appropriate fill to the bottom of the sub-
grade. 
 
This step would be preceded by the placement of the wall system in the canal if that 
were determined to be necessary.  The temporary wall system would be extended 
upward to permit the completion a portion of the new roadway.  Traffic would be shifted 
to the new roadway and the south portion of the roadway excavated and reconstructed 
up to finish profile.  The new roadway section would then be completed and traffic 
shifted to the final configuration. There is a cost premium associated with this phasing 
scheme because of the roadway elevation differentials and the need for the temporary 
wall.   
 
This option does encroach into the hydraulic capacity of the L-29 Canal, removing about 
900 square feet of flow area.  
 
For the configuration where the canal fill is not contained by a wall, and a like area is 
excavated from the north bank, the estimated cost for this alternative is $73,917,450 for 
the length of the corridor.  This is a $15,366,800 additive to the cost of Alternative 2B - 
With Water Quality Treatment (Dry Retention Swales). It is also assumed that the water 
control structures would not be affected and that the alignment would be shifted at the 
other two locations.  These cost estimates do not include relocation of utilities on the 
levee or a wall system for retaining fill on the south bank of the canal. 
 
Option 2: Exfiltration Trenches With Curb and Gutter.    
 
The second category of option is to use an exfiltration trench below the roadway, with 
roadway runoff routed from a curb and gutter section with inlets spaced every 200 feet 
due to the flat roadway profile.  The exfiltration trench would be comprised of an 18-inch 
perforated pipe surrounded by coarse aggregate and extending for the length of the 
corridor, less the bridge sections, on both sides of the roadway.   
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The concept would allow the collected runoff to infiltrate from the pipe into the 
surrounding aggregate and dissipate into the adjacent fill material.  The trench will have 
an envelope of filter fabric to prevent the migration of any sand material into the rock 
trench.  This option does require the invert of the exfiltration trench pipe to be above the 
design high water elevation of the L-29 Canal, which is elevation 9.3 feet.  As such, the 
profile of the roadway would need to be approximately 2 feet higher than for Alternative 
2B - With Water Quality Treatment (Dry Retention Swales), or a centerline elevation of 
16.0 feet.   
 
The additional profile elevation affects the section width, but requires 17 to 27 feet less 
in width compared to Alternative 2B - With Water Quality Treatment (Dry Retention 
Swales), without and with stabilized side slopes respectively, for a net impact of 23 to 
33 feet of wetland impact.  This is in comparison to 50 feet of impact for the original 
Alternative 2B - With Water Quality Treatment (Dry Retention Swales). 
 
Constructibility for this alternative would require that the traffic lanes be shifted to the 
north and a temporary wall system be installed adjacent to this roadway on the south 
side.  Then the remaining existing embankment on the south side would be removed 
and the new embankment installed up to the elevation of the existing road.  The 
temporary wall system would be extended upward to permit the completion of a portion 
of the new roadway.   Traffic would be shifted to the new roadway and the north portion 
of the roadway excavated and reconstructed up to finish profile.  The new roadway 
section would then be completed and traffic shifted to the final configuration.  This 
process would be generally similar to the construction method proposed for Options 1-A 
and 1-B as discussed previously.  There is a cost premium associated with this scheme 
because of the roadway elevation differentials and the need for the temporary wall. 
 
The estimated cost for this alternative is $76,116,250 for the length of the corridor.  This 
is a $17,565,600 additive to the cost of Alternative 2B - With Water Quality Treatment 
(Dry Retention Swales). 
 
Option 3: Exfiltration Trenches With Shoulder Gutter.  
 
The third option is to use an exfiltration trench below the roadway, with roadway runoff 
routed from a shoulder gutter section with inlets spaced every 200 feet due to the flat 
roadway profile.  As for Option 2, the exfiltration trench would be comprised of an 18-
inch perforated pipe surrounded by coarse aggregate and extending for the length of 
the corridor, less the bridge sections, on both sides of the roadway.   
 
The concept would allow the collected runoff to infiltrate from the pipe into the 
surrounding aggregate and dissipate into the adjacent fill material.  The trench will have 
an envelope of filter fabric to prevent the migration of any sand material into the rock 
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trench.  This option does require the invert of the exfiltration trench pipe to be above the 
design high water elevation of the L-29 Canal, which is elevation 9.3 feet.  As such, the 
profile of the roadway would need to be approximately 2 feet higher than for Alternative 
2B - With Water Quality Treatment (Dry Retention Swales), or a centerline elevation of 
16.0 feet.   
 
The additional profile elevation affects the section width, but requires 17 to 27 feet less 
in width compared to Alternative 2B - With Water Quality Treatment (Dry Retention 
Swales), without and with stabilized side slopes respectively, for a net impact of 23 to 
33 feet of wetland impact.  This is in comparison to 50 feet of impact for the original 
Alternative 2B - With Water Quality Treatment (Dry Retention Swales). 
 
Constructibility for this alternative would require that the traffic lanes be shifted to the 
north and a temporary wall system be installed adjacent to this roadway on the south 
side.  Then the remaining existing embankment on the south side would be removed 
and the new embankment installed up to the elevation of the existing road.  The 
temporary wall system would be extended upward to permit the completion a portion of 
the new roadway.   Traffic would be shifted to the new roadway and the north portion of 
the roadway excavated and reconstructed up to finish profile.  The new roadway section 
would then be completed and traffic shifted to the final configuration.  This process 
would be generally similar to the construction method proposed for Options 1-A and 1-B 
as discussed previously.  There is a cost premium associated with this scheme because 
of the roadway elevation differentials and the need for the temporary wall. 
 
The estimated cost for this alternative is $76,394,750 for the length of the corridor.  This 
is a $17,844,100 additive to the cost of Alternative 2B - With Water Quality Treatment 
(Dry Retention Swales). 
 
Option 4: Wet Detention System.  
 
Utilizing a wet detention system requires the treatment of one inch of runoff from the 
contributing area in contrast to a dry retention system where the treatment volume is 
equal to 1/2 inch of runoff.  It also requires a wider footprint than the dry retention swale 
design, due to the fact that the control elevation would be at the control elevation of the 
L-29 Canal rather than one foot above the control elevation.  A minimum depth of 2 feet 
is proposed below the control elevation for deposition of sediments.  Wet detention 
systems typically require a minimum width of 100 feet at the control elevation and an 
average depth between 6 and 8 feet which would require a wider footprint, thus 
impacting more wetland area.  Proposing this type of a wet detention system would 
require a variance from the standard.   
 
As depicted in the schematic in a narrow footprint, this option would require a distance 
of 55 feet beyond the edge of the shoulder for the swale as configured.  The dry 
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retention swale option as originally proposed requires 35 feet, so even if stabilized 
slopes were employed the wet retention option would still have slightly more impact as 
the dry retention technique.  Alternative 2B - With Water Quality Treatment (Dry 
Retention Swales) has a 50 foot wetland impact with natural slope grading, and the wet 
detention technique with similar slope treatment would add 20 feet per swale, or 40 feet 
of impact, for a total impact of 90 feet.   
 
The estimated cost for this alternative is essentially unchanged from the cost of 
Alternative 2B – With Water Quality Treatment (Dry Retention Swales), $58,550,650, 
since the change in fill areas associated with the swales is nearly the same. 
 
Option 5: Single Dry Retention Swale System 
 
In this option, there would be a dry retention swale on one side of the roadway.  This 
single swale would retain the standard 5-foot width.  Drainage from the side of the 
roadway without a swale would be channeled via a shoulder gutter and gutter inlets and 
piped under the roadway to the single dry detention swale. 
 
To do this will require raising the roadway approximately 2.5 feet to accommodate an 
inlet, and a connecting pipe with a slope.   While this eliminates a swale on the north 
side of the roadway, the swale on the south side of the road is approximately 0.5 feet 
deeper and the sideslopes of the roadway are wider due to the additional 2.5 feet of 
elevation.  The net effect is that this footprint is 122 feet wide and that for Alternative 2B 
- With Water Quality Treatment (Dry Retention Swales) is 112 feet wide, for an increase 
of 10 feet of wetland impact.  The wetland impact for this option is 60 feet, while that for 
Alternative 2B - With Water Quality Treatment (Dry Retention Swales) is 50 feet.   
 
If the typical section were applied in a mirror image fashion, the result is similar.  This is 
because the new alignment must be offset from the canal by a minimum amount to 
accommodate maintenance of traffic requirements, and if the typical section is 
compressed sufficiently, then this maintenance of traffic criterion governs. 
 
It is seen that the construction cost for this option would be slightly greater than 
Alternative 2B - With Water Quality Treatment (Dry Retention Swales) because of the 
stormwater piping and gutter system, and with a slight increase in wetland impact.  
 
The estimated cost for this alternative is $67,015,550 for the length of the corridor.  This 
is a $8,464,900 additive to the cost of Alternative 2B - With Water Quality Treatment 
(Dry Retention Swales). 
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3. Summary Evaluation of Potential “Creative” Water Quality Treatment 
Techniques for Alternative 2 

 
Several "creative" water quality treatment strategies have been identified and reviewed.  
In summary, Options 1, 2 and 3 would reduce wetland impacts in comparison to 
Alternative 2 - With Water Quality Treatment (Dry Retention Swales), but at higher 
costs.  Option 4 requires a wider footprint, a probable permitting exception, and will 
impact a greater area of wetlands.   Option 5 has minimal advantage over Option 2 or 3, 
but would be slightly more costly.  Options 1, 2, and 3 can be applied to the original 
alternatives with the exception of Alternatives 1, 2A - Without Water Quality Treatment, 
5A, and 5B.  The key characteristics of the various options are summarized in the 
following table: 
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Table 4 
SUMMARY OF “CREATIVE” WATER QUALITY TREATMENT ALTERNATIVES  

“Creative” 
Water 
Quality 
Treatment 
Alternative  

Feasibility 
Assessment 

Cost 
Differential 
Relative to 
Alt. 2B - With 
Water Quality 
Treatment 

Constructi-
bility 

Wetland 
Impacts 
to ENP 

Applicability 
to Other 
Alternatives 

Other 
Comments 

Option 1-A 
Shift North 
and 
Compress 
Swale With 
Wall 
Elements/ 
South Side 
(Alt. 2 C) 

Technically 
feasible. 
Reduces 
wetland 
impacts. 
Relatively high 
cost. 

+$73,663,600 Workable; 
centerline 
offset 
needed to 
execute 
MOT. 

21 feet of 
impact 
versus 51 
ft. for Alt. 
2B. 

Applicable. Could reduce 
strikes on the 
road. 

Option 1-B 
Shift North 
and 
Compress 
Swale With 
Wall 
Elements/ 
North Side  
(Alt. 2D) 

Technically 
feasible. 
Reduces 
wetland 
impacts. 
Relatively high 
cost. 

+$101,934,200 Workable; 
centerline 
offset 
needed to 
execute 
MOT. 

No impact 
to ENP; 
affects L-
29 canal. 

Applicable. Could reduce 
wildlife strikes 
on the road. 

Option 1-C 
Shift North 
into L-29 
Canal (Alt. 
2E) 

Technically 
feasible; 
reduces wetland 
impacts. 
Higher cost. 

+$15,366,800 Workable; 
requires 
temporary 
wall. 

No impact 
to ENP; 
affects L-
29 canal. 

Applicable. None. 

Option 2 
Exfiltration 
Trench with 
Curb and 
Gutter 

Technically 
feasible; 
reduces wetland 
impacts. 
Higher cost. 

+$17,566,000 Workable; 
requires 
temporary 
wall. 

Up to 33 
feet of 
impact 
versus 51 
ft. for Alt. 
2B. 

Applicable. None. 

Option 3 
Exfiltration 
Trench with 
Shoulder 
Gutter 

Technically 
feasible; 
reduces wetland 
impacts. 
Higher cost 

+$17,844,100 Workable; 
requires 
temporary 
wall. 

Up to 33 
feet of 
impact 
versus 51 
ft. for Alt. 
2B. 

Applicable. None. 

Option 4 
Wet 
Detention 
System 

Not feasible. 
Permitting 
exception 
needed. 
Same cost. 

+$0 Workable; 
requires 
temporary 
wall. 

90 feet of 
impact 
versus 51 
ft. for Alt. 
2B. 

N/A None. 

Option 5 
Single Swale 
Dry Detention 
System 

Technically 
feasible, but no 
advantage over 
simpler options. 
Higher cost. 

+$8,464,900 Feasible. 60 feet of 
impact 
versus 51 
ft. for Alt. 
2B. 

Applicable. None. 

ENP = Everglades National Park 
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22. Alt. 2 Variation With Partial Water Quality Treatment 

Information Request 
 
Evaluate and develop a variation of Alternative #2 that includes partial WQT.  Discuss 
both the benefits and the drawbacks of this possible alternative. 
 
Additional Information 
 
1. Approach to Partial Water Quality Treatment  
 
This option proposes to utilize a five-foot wide grassed strip outside of the guardrail to 
the edge of a reinforced slope to provide a minimal treatment of surface water runoff.  
The option could possibly be utilized for the original Alternative 2A - Without Water 
Quality Treatment and Alternative 2B – With Water Quality Treatment (Dry Retention 
Swales).  
 
The concept is to allow the runoff to sheet flow through this five-foot wide grass strip for 
pollutant uptake.  A similar concept was utilized on the Howard Franklin Bridge 
Causeway in Tampa, where the Southwest Florida Water Management District 
(SWFWMD) approved this concept in lieu of a normal dry retention system. 
 
2. Evaluation  
 
The footprint for this alternative is 72.7 to 77.0 feet wide, with and without a stabilized 
side slope, respectively, and would encroach into wetlands to the south of the roadway 
by 11.0 to 15.0 feet with and without a stabilized side slope, respectively.  Alternatively, 
a short wall system could be built into the L-29 Canal at additional cost, such that there 
would be no encroachment into the wetlands of Everglades National Park. 
 
This option could be adapted to Alternative 2A but with some additional cost for 
additional fill area and costs associated with a slight shift in the alignment.  There would 
be a wetland encroachment of 11.0 to 15.0 feet, depending if stabilized slopes were 
used.  It is noted for reference that Alternative 2A does not rebuild the roadway 
embankment.  Alternatively, the wetland encroachment could be avoided by 
encroaching into the L-29 Canal and building a short retaining wall or by building a 
retaining wall along the south right-of-way line.  While these options were not priced out, 
they would be significantly more expensive due to the wall section the entire length of 
the corridor.   
 
This option could be adapted to Alternative 2B which calls for rebuilding the roadway 
embankment.  The dry retention swales would be removed and replaced by the grassed 
areas and stabilized side slopes on both sides of the roadway, and the roadway built to 
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the finish profile elevation of 14.0 feet.  This footprint would be somewhat wider than the 
variation discussed above, and would likewise have wetland encroachment if the bank 
of the L-29 Canal was held as the north limit.  Alternatively, if the south existing roadway 
slope limit was kept so that wetlands were unaffected, then a wall in the L-29 Canal 
would be required.   
 
Constructibility for this option would require that the traffic lanes be shifted to the north 
and a temporary wall system be installed adjacent to this roadway on the south side.  
Then the remaining existing embankment on the south side would be removed and the 
new embankment installed up to the elevation of the existing road.  The temporary wall 
system would be extended upward to permit the completion of a portion of the new 
roadway.   Traffic would be shifted to the new roadway and the north portion of the 
roadway excavated and reconstructed up to finish profile.  The new roadway section 
would then be completed and traffic shifted to the final configuration.  This process 
would be generally similar to the construction method proposed for Options 1-A and 1-B 
as discussed previously.  There is a cost premium associated with this scheme because 
of the roadway elevation differentials and the need for the temporary wall. 
 
 
 23. Shift Alt. 2 into the L-29 Canal and Avoid ENP Wetlands 

Information Request 
 
Evaluate moving the alignment for Alternative #2 with WQT into the L-29 canal so that 
there will be no wetland impacts.  This conceptual level evaluation should consider 
potential construction methods and order of magnitude costs for filling the canal.  Since 
this is an authorized project, the hydraulic capacity of the canal cannot be decreased.  
Therefore, if a portion of the canal is filled, additional excavation must be done to offset 
the loss of capacity.  In addition to the evaluation, additional costs or construction 
constraints should also be identified (i.e. utility relocation, complexity of construction, 
potential access problems on the North side of the canal, impacts to the Tiger Tail 
camp, etc). 
 
Additional Information  
 
1. Background  
 
Because of concerns regarding encroachment into wetlands south of the existing 
Tamiami Trail, the possibility of modifying the configuration and placement of the typical 
section to minimize or eliminate this encroachment was identified.  The initial concept 
envisioned was to simply shift northward the second variation of Alternative 2, that is 
Alternative 2B – With Water Quality Treatment (Dry Retention Swales).  Such 
displacement would encroach into the L-29 Canal.  It has been further determined that 
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the canal shape is the minimum required for its hydraulic conveyance function, so that 
any encroachment into the canal from the south bank should be compensated by the 
excavation of the canal by a like area. 
 
Exploration of this approach led to the identification of a variation involving the use of 
vertical walls to reduce the width of the dry detention swale.  Further review of this 
concept led to the development of two different applications of the vertical wall 
treatment.  Since they have relevance to the formulation of “creative” water quality 
treatment options as addressed in Topic 1 in this report previously, a description of 
them was contained in that section of the report.  They are  referred to in that section as 
Option 1-A (Alt. 2C) and  Option 1-B (Alt. 2D).  The concept of shifting the original of 
Alternative 2B – With Water Quality Treatment (Dry Retention Swales) northward into 
the canal is considered in that section as well, and is referred to as Option 1-C (Alt. 2E). 
 
2. Summary   
 
The key features of this strategy as characterized in the three options noted above, 
Options 1-A, 1-B, and 1-C, are summarized in Section 24 of this report.   
 
 
24. Removal Of Existing Road Paving And Subgrade  

Information Request  
 
Determine the cost of removing, to the extent possible, the existing roadbed and 
subgrade for all alternatives which effectively “abandon” the existing Tamiami Trail.  The 
purpose of this exercise is to evaluate the cost of removing impermeable surface that 
may contribute to runoff requiring additional WQT. 
 
Additional Information 
 
1. Background  
 
The concept of removing the existing pavement and subgrade to compensate for new 
pavements is viable only for Alternatives 3A, 3B, 4A, 4B, 5A and 5B.  For Alternative 1 
and Alternatives 2A and 2B, the existing pavement continues to carry traffic or is not left 
in place.  To reiterate, this concept entails the removal of any impervious asphaltic 
pavement in the upper roadway section down to the level of the subgrade comprised of 
limerock and similar materials which are pervious. 
 
It is first noted, however, that the regulatory agencies do not typically require the 
removal of old pavement if traffic is prevented from utilizing the existing or abandoned 
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roadway.  Pollutants are primarily a result of motor vehicles, with only a minor 
contribution historically from roadway materials.   
 
If removal of pavement is not required, it certainly is nevertheless an opportunity for 
partial mitigation of other impacts.  It may be worth considering and asking the 
regulatory agencies to consider in this action in lieu of providing water quality treatment 
systems as shown in Alternatives 3B, 4B or 5B. 
 
2. Relation to Alternatives 3A, 3B, 4A, 4B, 5A and 5B  
 
Should this option be executed, it could be applied to Alternatives 3A, 3B, 4A, 4B, 5A 
and 5B as follows: 
 
Alternatives 3A and 3B 
 
As this alternative with its variations with and without water quality treatment are 
situated along the L-29 Levee, the entire paved area of the existing Tamiami Trail 
corridor within the project limits could be removed, with the following exceptions: 
 
• Roadway embankment segments removed as breaches to permit water flow from 

the L-29 Canal to Everglades National Park. 
• The westernmost segment of the existing roadway which is to remain to provide 

access to the Osceola Indian Camp. 
• Sections of the existing roadway on either end of the corridor which are already 

removed to accommodate the alignment transitions of the new roadway.  
 
The cost of this pavement removal is estimated to be $1,672,800 for both Alternatives  
3A and 3B, since the existing roadway embankment was left in place, except for 
breaches.  This cost is calculated in a manner compatible with other prior cost estimates 
for other alternatives and actions in this corridor. 
 
Alternatives 4A and 4B 
 
As this alternative with its variations with and without water quality treatment are 
situated to the south of the existing Tamiami Trail corridor, the entire paved area of the 
existing Tamiami Trail corridor within the project limits could be removed, with the 
following exceptions: 
 
• Roadway embankment segments removed as breaches to permit water flow from 

the L-29 Canal to Everglades National Park. 
• Sections of the existing roadway on either end of the corridor which are already 

removed to accommodate the alignment transitions of the new roadway.  
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The cost of this pavement removal is estimated to be $1,668,400 for Alternative  4A and 
$1,702,200 for Alternative 4B, the small difference being in the amount of existing 
pavement remaining under each alternative.  This cost is calculated in a manner 
compatible with other prior cost estimates for other alternatives and actions in this 
corridor. 
 
Alternatives 5A and 5B 
 
As this alternative with its variations with and without water quality treatment are 
situated between the existing roadway and the L-29 Levee along a raised profile on 
structure, the entire paved area of the existing Tamiami Trail corridor within the project 
limits could be removed, with the following exceptions: 
 
• Roadway embankment segments removed as breaches to permit water flow from 

the L-29 Canal to Everglades National Park. 
• The westernmost segment of the existing roadway which is to remain to provide 

access to the Osceola Indian Camp. 
• Sections of the existing roadway on either end of the corridor which are already 

removed to accommodate the alignment transitions of the new roadway. 
• For the variation with water quality treatment, numerous short segments of the 

existing embankment where dry retention swales are to be installed to provide 
water quality treatment for the elevated structure.  

 
The cost of this pavement removal is estimated to be $460,400 for Alternative 5A and 
$348,900 for Alternative 5B, as the dry detention swales already necessitated some 
pavement removal.  Alternatives 5A and 5B are less costly than the other options due to 
partial pavement removal during bridge construction.  This cost is calculated in a 
manner compatible with other prior cost estimates for other alternatives and actions in 
this corridor. 
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Table 5 
SUMMARY OF PAVEMENT REMOVAL  
Alternative Applicability of 

Pavement 
Removal To This 
Alternative 

Cost of Removal 

Alternative 1    
Existing Alignment / Same Profile 

NO N/A 

Alternative 2A 
Existing Alignment Without WQT 

NO N/A 

Alternative 2B 
Existing Alignment With WQT 

NO N/A 

Alternative 3A 
North Alignment Without WQT 

YES $1,672,800 

Alternative 3B 
North Alignment With WQT 

YES $1,672,800 

Alternative 4A 
South Alignment Without WQT 

YES $1,668,400 

Alternative 4B 
South Alignment With WQT 

YES $1,702,200 

Alternative 5A 
Structure Without WQT 

YES $   460,400 

Alternative 5B 
Structure With WQT 

YES $   348,900 

WQT  =  Water Quality Treatment with Dry Retention Swales 
 
26. Impact Of Future CERP Operational (Water Management) Changes On  

Alternatives  

Information Request  
 
Discuss, on a conceptual basis, how future operational changes could impact to each 
alternative and what changes, including costs, might be required.  To do this, water 
stages associated with a hypothetical increase in flow will be provided by the 
Government. 
 
Additional Information  
 
1. Background  
 
This topic addresses two hypothetical water management operational scenarios related 
to potential future conditions in the Tamiami Trail corridor under the Comprehensive 
Everglades Restoration Plan (CERP).  The Modified Water Deliveries Program has 
been developed on the basis of a 4,000 cfs flow rate across the section of the Tamiami 
Trail covered by this project.  In hydraulic modeling including the proposed four bridges 
along Tamiami Trail, this condition yielded a stage elevation in the L-29 Canal 
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previously of 9.0 feet (NDVD 29) for a 100-year event, and as the result of a recent 
model update, the current design high water elevation of  9.3 feet.   
 
The hypothetical flow scenario selected for review has a flow rate of 10,000 cfs for 
Tamiami Trail as proposed with four new bridges.  The resulting L-29 Canal stage 
elevation for a 100-year event is 10.45 feet (NGVD 29), or nominally 10.5 feet, for an 
increase of 1.2 feet.  Originally, a second hypothetical scenario adding two additional 
bridges to the four new bridges was to be discussed.  However, hydraulic modeling 
yielded results nearly identical to those for the first scenario, because of backwater 
conditions.  As a result, only minimal discussion of this second scenario is provided. 
 
It is noted that for a CERP flow of 5,500 cfs, Alt. 2A remains feasible, and comments for 
Alts. 2A, 3A, 3B, 4A and 4B below would also apply. 
 
2. Scenario 1: 10,000 cfs Flow Rate with 4 Bridges as Proposed  
 
In this scenario, the alternatives would need to be raised 1.2 feet to accommodate an 
increased Design High Water elevation of 10.5 feet.  As noted, Alternative 1 and 
Alternative 2A – Without Water Quality Treatment could not be modified to address this 
change and are therefore infeasible under this scenario. 
 
Alternatives 3A and 3B are set at the top of levee elevation and do not require raising.  
Alternatives 2B, 4A, and 4B would all need to have the finished roadway and structure 
elevations raised 1.2 feet to satisfy the increased Design High Water elevation criterion.  
This would be done by increasing the depth of the embankment under the roadway and 
by raising the structures slightly.  This will have the effect of increasing the width of the 
typical section for these alternatives by about 6 feet.  For all these alternatives as 
originally defined, this would translate into an additional wetland impact of 6 feet as well, 
as defined by the intersection of the toe of slope with existing ground elevation. 
 
In addition, while not a part of this project, this elevation would affect the previously 
relocated Tiger Tail Indian Camp, the Osceola Indian Camp, the recreation area near 
the east end of the corridor, and the Airboat Association of Florida site.  These would 
require raising of the site elevation, and modification of access roads to serve each one 
as well. 
 
These impacts are associated solely with the increase water levels.  Should the L-29 
Levee and L-29 Canal be degraded, different access arrangements for each site would 
be necessary, assuming they remained in the corridor at a suitable site elevation.   
 
Cost estimates were developed for the adjustments to the alternatives for the increased 
water elevation, excluding site and access impacts to the noted land uses. 
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For Alternative 5 on structure, the structure for both the situations with and without 
water quality treatment would require the deck elevation to be raised 1.2 feet as for the 
other alternatives.   In addition, the alternative with water quality treatment would require 
additional work to raise the elevation of the dry detention swales to be built on segments 
of the remnant existing embankment.  These swales could be raised using additional 
adjacent embankment material.   
 
Costs estimates for the affected alternatives are presented in the Summary section of 
this topic discussion. 
 
3. Scenario 2: 10,000 cfs Flow Rate with 6 Bridges as Proposed  
 
This hypothetical scenario as defined would require the construction of two additional 
bridges.  While there is no apparent hydraulic benefit from doing so, this scenario would 
affect the overall construction cost of each alternative, except Alternative 5, by 
approximately $1,000,000 for two additional 300-foot long bridges.  This is in addition to 
the costs identified above for raising the various alternatives an additional 1.2 feet to 
adjust for the increased Design High Water elevation of 10.5 feet.  Otherwise, the 
relation of this scenario to the alternatives would be as described above.  
 
4. Summary 
 
The impact of this hypothetical scenario would be to require raising the profile of all 
corridor alternatives by 1.2 feet to accommodate the increased design high water 
elevation.  The exceptions to this would be Alternative 1 and Alternative 2A which 
cannot be raised this much and are therefore infeasible under this condition, and 
Alternatives 3A and 3B which do not require raising.  There would be a corresponding 
increase in the width of the improvement for these alternatives as well.  The cost of the 
added fill for Alternatives 2B, 4A and 4B, which have similar typical section widths, 
ranges from $1.35 million to $1.76 million.  Alternatives 5A and 5B have less cost 
because there is little embankment to raise.  The cost to raise structures is considered 
negligible as piles will simply be cut off at a higher finish elevation.  The results of this 
review are summarized in the following table. 
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Table 6 
IMPACT OF FUTURE CERP OPERATIONAL CHANGES (Scenario 1)  
Alternative Effect of the Increased 

Design High Water 
Elevation on Alternative 

Wetland 
Impact of 
Modification 
to Alternative 

Added Cost 
To Raise 
Alignments 

Alternative 1    
Existing Alignment / Same Profile 

Alternative not feasible. 
Cannot be raised. 

N/A N/A 

Alternative 2A* 
Existing Alignment Without WQT 

Alternative not feasible.  
Cannot be raised. 

N/A N/A 

Alternative 2B 
Existing Alignment With WQT 

Roadway and structure 
elevation must be raised. 

Section will be 
6 ft. wider, with 
added wetland 
impact. 

$1,490,700 

Alternative 3A 
North Alignment Without WQT 

No adjustment needed   $ 0 

Alternative 3B 
North Alignment With WQT 

No adjustment needed.  $ 0 

Alternative 4A 
South Alignment Without WQT 

Roadway and structure 
elevation must be raised. 

Section will be 
6 ft. wider, with 
added wetland 
impact. 

$ 1,345,000 

Alternative 4B 
South Alignment With WQT 

Roadway and structure 
elevation must be raised. 

Section will be 
6 ft. wider, with 
added wetland 
impact. 

$ 1,759,200 

Alternative 5A 
Structure Without WQT 

Roadway and structure 
elevation must be raised. 

Minor impact 
as alignment is 
on structure. 

$ 0 

Alternative 5B 
Structure With WQT 

Detention swales and 
structure elevation must 
be raised. 

Minor impact 
as alignment is 
on structure. 

$  320,000 
 

WQT  =  Water Quality Treatment with Dry Retention Swales 
*Based on hypothetical 10,000 cfs flow.  For CERP flow of 5,500 cfs, Alt. 2A is feasible; in this case,  
 comments for Alt. 2B, 4A and 4B would apply. 
 
27. Compatibility Of Alternatives To CERP  

Information Request  
 
Discuss how each alternative is compatible, or can be made compatible, with the goals 
of the CERP plan (passing increased flows and promoting the decompartmentalization 
of the Everglades, ecological connections between restored areas, and increased sheet 
flow throughout the system). 
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Additional Information 
 
1. Background on CERP 
 
The Comprehensive Review Study for the Comprehensive Everglades Restoration Plan 
(CERP) has identified the potential for additional modifications to water management 
facilities over and above those contemplated under the Modified Water Deliveries 
program.  While the additional CERP modifications are not yet authorized, it is 
appropriate to consider the relation of these potential projects with the alternatives being 
considered for the modification of Tamiami Trail. 
 
The Comprehensive Review Study has identified several projects relating to Water 
Conservation Area 3 in the Eastern Everglades.  Of specific relevance to the Tamiami 
Trail corridor is one specific project relating to “decompartmentalization” of water 
management basins and enhancement of sheetflow.  This project is the degrading of 
the L-29 Levee and L-29 Canal to restore sheet flow between Water Conservation Area 
3B to the north of Tamiami Trail and Everglades National Park to the south.   
 
The Project Implementation Report for CERP will address the scope and method to be 
used for this and other related projects.  The same report will address the sequencing of 
the various additional proposed modifications. 
 
According to the Comprehensive Review Study, this modification and several others will 
have the effect of providing “the initial increment of more integrated passive 
management of Water Conservation Area 3 and Everglades National Park.  It is 
anticipated that these modifications will be made in association with the implementation 
of rainfall driven operational schedules for both Water Conservation Area 3 and 
Everglades National Park.” 
 
“The benefits to the project from this feature are that restoring sheet flow will reduce the 
unnatural discontinuities in the landscape.  Depth patterns will be more gradual, aquatic 
organisms will be able to move more freely, exotic species will not have the advantage 
of deep water canals that provide thermal refuge or dry levees on which to grow.  
Normal proportions of predators/prey species in fish populations will be undisturbed.  
Natural interspersions of different marsh habitats will replace the current system of 
upstream pools and downstream dry area on either side of barriers.  The result will be 
better quality and more easily accessible habitat for wading birds and other Everglades 
species.” 
 
2. Increased Flows 
 
The scenario of increased water flow was discussed in the preceding topic.  Under the 
hypothetical flow of 10,000 cfs, the 100-year stage elevation would be nominally 10.5 
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feet, which would require alternatives to be raised by 1.2 feet to keep the roadway 
subgrade in the dry.  Alternatives 1 and 2A – Without Water Quality Treatment are not 
amenable to such a large change in profile grade, and thus are not compatible with the 
increased flow scenario. 
 
Alternatives 3A and 3B would not require raising a s they are set at elevation 17.4 feet, 
effectively replacing the top of the levee with a road.  The remaining alternatives, 
Alternatives 2B, 4A, 4B, 5A, and 5B could be raised in their design to accommodate the 
higher Design High Water condition.  The costs of doing so were noted previously as 
well.  There is also an incremental wetland impact of raising the alternatives on 
embankment of approximately 6 feet.  Alternative 5A and 5B require raising as well, but 
there is little wetland impact as they are on structure except for short transition sections 
at either end of the corridor. 
 
It is also noted that the Tiger Tail and Osceola Indian Camps, the Airboat Association of 
Florida site, and the eastern recreational area and their access provisions would also be 
affected by this increased water elevation.  These sites would need to be raised and 
their access routes modified as well. 
 
It is presumed that, should the hypothetical flow rate actually be implemented, the 
alternatives would be designed accordingly prior to construction to conform to this 
design condition.  To attempt to retrofit alternatives developed for the Modified Water 
Deliveries program once constructed to function under this hypothetical CERP flow 
condition would be very costly due to construction phasing and maintenance of traffic 
considerations, with potential temporary wetland impacts. 
 
A variation of this approach would be if Alternative 1 or 2A – Without Water Quality 
Treatment, with or without the four bridges, were built first, then abandoned after 
another alternative were built.  The original improvement would in this case be 
considered a “throwaway” cost, expended for the benefit of providing less expensive, 
but immediate conformance with short-term flow requirements while deferring 
somewhat the time line for more expensive permanent improvements that would be 
CERP-compatible. 
 
3. Increased Sheet Flow 
 
For this discussion, it is assumed that decompartmentalization is implemented, such 
that the L-29 Canal and Levee are degraded where possible, and that remnant sections 
of the existing Tamiami Trail embankment would be degraded as well. 
 
As defined, Alternatives 1, 2A, 2B, 3A, 3B, 4A and 4B employ embankment typical 
sections with at least 4 bridges for conveying the Modified Water Deliveries program 
flows.  Alternatives 1 and 2A are not discussed further, because as defined, they cannot 
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be raised to satisfy the hypothetical CERP flow scenario, and are therefore infeasible.   
 
For the remaining embankment alternatives, Alternatives 2B, 3A, 3B, 4A, and 4B,  the 
continuous sheet flow along the 11-mile corridor will be affected by the four openings on 
Alternatives 2B, 4A and 4B.  Alternatives 2B, 4A and 4B have only 2.5% of the corridor 
embankment open due to the bridges.  Alternatives 3A and 3B would be somewhat 
better (10% of corridor embankment with openings) in dispersing water flows through 
their embankments as each would have 6 bridges at the weirs and water control 
structures, plus two more on a diagonal across the L-29 Canal corridor. 
 
Alternative 5A – Without Water Quality Treatment would provide good continuity of 
sheet flow as it is for nearly the entire length a raised structure (98% of the corridor).  
Thus there would be no interruptions to sheet flow.  Alternative 5B –With Water Quality 
Treatment (Dry Detention Swales) as defined would utilize short (600-foot long) 
segments of the existing roadway embankment, retrofitted as dry detention cells.  These 
would occur once every ½ mile, such that approximately 25% of the corridor would be 
blocked by these “islands” for water quality treatment.  This would still afford generally 
good continuity (75% of corridor) of sheet flow across the corridor. 
 
4. Decompartmentalization 
 
Under the CERP as proposed, the degradation of the L-29 Canal and Levee would 
occur.  For the purposes of this discussion, it is presumed that remnant portions of the 
existing Tamiami Trail roadway embankment unutilized by a specific roadway 
improvement alternative would also be degraded.  It is also presumed that the 
alternative would have been raised to meet the CERP flow conditions. 
 
As noted before, this discussion is not relevant for Alternatives 1 and 2A as they cannot 
be raised to conform to the CERP Design High Water elevation of 10.5 feet (NGVD 29).   
 
Under Alternative 2B, all of the existing roadway embankment would be removed.  
Decompartmentalization would address therefore the L-29 Levee and Canal only, 
leaving Alternative 2B as the remaining built facility in the corridor. 
 
Under Alternatives 3A and 3B, which in effect replace the L-29 Levee, 
decompartmentalization would address therefore the L-29 Canal and the remaining 
sections of the existing roadway embankment, leaving Alternative 3A or 3B as the 
remaining built facility in the corridor. 
 
Under Alternatives 4A and 4B, which are built to the south of the existing embankment, 
decompartmentalization would address therefore the L-29 Levee and Canal, and the 
remnant embankment of the existing Tamiami Trail roadway as well, leaving Alternative 
4A or 4B as the remaining built facility in the corridor. 
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Under Alternatives 5A and 5B, which are built on elevated structure for nearly the entire 
length of the corridor, decompartmentalization would address therefore the L-29 Levee 
and Canal, and the remnant embankment of the existing Tamiami Trail roadway as well, 
leaving the elevated Alternative 4A or 4B as the remaining built facility in the corridor.  
For Alternative 5B, “islands” of the existing roadway embankment would remain for 
water quality treatment in the form of dry retention swales. 
 
It is noted that in the process of decompartmentalization, another issue is the fate of the 
existing Indian camps, the airboat club, and the eastern recreational area.  If they were 
to remain, each would have to be raised and their access modified as well.  
Recreational opportunities would be restricted to access points at either end of the 11-
mile corridor, unless other provisions were made. 
 
The degrading of the L-29 Canal, the L-29 Levee and remnant sections of the existing 
Tamiami Trail embankment have not been quantified as a construction project.  
Presumably certain embankment materials could be used to fill in the L-29 Canal, 
reducing the quantity of spoil material and the cost associated with hauling and 
disposing of it.  Excess or unsuitable materials would likely be hauled on the existing 
road eastward past Krome Avenue to a deposition site.  There would be work zone, 
staging area, and construction traffic issues associated with this removal effort.  
Sequencing may be critical as well; for example, it may be sensible to start at the west 
end of the corridor and work eastward.  Control of  turbidity would likely be a special 
issue during the removal work. 
 
There will also be issues of right-of-way conveyance as US 41 is operated by the 
Florida DOT.  Other agencies have right-of-way, easement, or lease interests in the 
corridor which would likewise have to be resolved. 
 
5. Ecological Connectivity 
 
The present roadway embankment has the L-29 Canal to the north, wetlands to the 
south, and numerous culverts which pass water from north to south under the roadway.  
North of the L-29 Canal is the L-29 Levee.  These facilities may inhibit the free 
movement of mammals, amphibians and aquatic species, or contribute to road strikes 
for some populations.   
 
The proposed corridor improvement alternatives will all introduce new bridge structures 
which will afford enhanced opportunities for the movement of a wide range of species.   
Without the degrading of the L-29 Canal and the adjacent levee with its existing and 
proposed water control structures, movement would still be somewhat restricted.   
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With the additional effects of decompartmentalization, the impediments of the levee and 
canal would be removed, leaving the improved roadway corridor.  All alternatives would 
have bridge structures to pass water flows which would also be available for movement 
of various species, to varying degrees depending on water levels and the extent of 
openings provided by the alternatives.  These openings range from the 4 bridges for 
Alternatives 1, 2A, 2B, 4A, and 4B, to 8 bridges for Alternatives 3A and 3B, to a 
continuous bridge for Alternatives 5A and 5B. 
 
For all but Alternatives 5A and 5B, undercrossings through the embankment could also 
be provided.  These are essentially box culverts of appropriate dimensions to permit 
and encourage specified species to pass under the roadway.  The spacing of these 
would depend on the quantity of movement and the patterns, but perhaps one per mile 
where there are no bridges would be a suitable spacing.  The dimension of the structure 
would also dictate the effect if any on the roadway profile.  It is likely that the height of 
the undercrossing in relation to the road profile for either the Modified Water Deliveries 
or the CERP Design High Water elevations would be such that an adjustment to the 
roadway profile would be not be required, with three exceptions.  The exceptions would 
likely be Alternative 1 and Alternative 2A which both have lower profiles, and 
Alternatives 5A and 5B which are entirely on structure. 
 
There are several instances of special provisions along roadway corridors for the 
movement of wildlife.  These include a 2 mile section of US 441 near Gainesville, and 
the I-75/Alligator Alley corridor in South Florida.  Similar accommodations have been 
incorporated into the proposed improvements to US 1 between Homestead and Key 
Largo. 
 
For example, the US 441 segment was thought to have the highest incident of mortality 
in the state.  Thousands of animals from more than 80 species have been killed 
annually.  In 1997, a multidisciplinary group representing transportation agencies, 
natural resource agencies, environmental groups, and the University of Florida 
brainstormed solutions to mitigate the losses and help restore natural movement 
patterns.  The result was a 3 1/2-foot-high with a lip at the top similar to those in zoo 
serpentariums. The intent was to deter climbing and jumping animals from entering the 
road corridor.  Instead they will be channelled by the wall to 4 new pipe culvert 
undercrossings and four existing culverts.  FDOT began construction in December 
1999.   
 
On the I-75 corridor, several animal undercrossings were provided in addition to 
hydraulic culverts.  In this case, continuous fencing with mesh was installed on both 
sides of the roadway to divert animals to the undercrossing locations. 
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It would be possible to incorporate such features in the initial construction, or added 
later.  In the latter case, detours within the existing road section or lane closures should 
permit adequate work area to permit construction of the undercrossings. 
 
6. Summary Evaluation   

The results of this review are summarized in the following table: 

Table 7 

SUMMARY OF COMPATIBILITY OF ALTERNATI VES TO CERP  
CERP COMPONENT Corridor 

Roadway 
Alternative 

Increased Flows Increased Sheet 
Flow 

Decompart-
mentalization 

Ecological 
Connections 

(See also 
“Increased Sheet 

Flow”) 
Alternative 1    
Existing Alignment 
/ Same Profile 

Alternative not feasible.  
Cannot be raised. 

Alternative not 
feasible.  Cannot 
be raised. 

Not applicable. Animal 
undercrossings 
not feasible. 

Alternative 2A* 
Existing Alignment 
Without WQT 

Alternative not feasible.  
Cannot be raised. 

Alternative not 
feasible.  Cannot 
be raised. 

Not applicable. Animal 
undercrossings not 
feasible. 

Alternative 2B 
Existing Alignment 
With WQT 

Roadway and structure 
elevation must be raised.  
Incremental + 6 ft. 
wetland impact. 
Added cost of 
$1,490,700. 

Four bridges 
provide 2.5% 
opening along 
corridor. 

Compatible.  
Removes levee 
and canal. 

Very limited 
connectivity via 
bridges.  Additional 
animal 
undercrossings 
feasible. 

Alternative 3A 
North Alignment 
Without WQT 

No adjustment needed. Eight bridges 
provide 10% 
opening along 
corridor. 

Compatible.  
Removes levee, 
canal, and 
abandoned 
existing roadway. 

Somewhat limited 
connectivity via 
bridges.  Additional 
animal 
undercrossings 
feasible. 

Alternative 3B 
North Alignment 
With WQT 

No adjustment needed Eight bridges 
provide 10% 
opening along 
corridor. 

Compatible.  
Removes levee, 
canal, and 
abandoned 
existing roadway. 

Somewhat limited 
connectivity via 
bridges.  Additional 
animal 
undercrossings 
feasible. 

Alternative 4A 
South Alignment 
Without WQT 

Roadway and structure 
elevation must be raised. 
Incremental + 6 ft. 
wetland impact. Added 
cost of $1,345,000.  

Four bridges 
provide 2.5% 
opening along 
corridor. 

Compatible.  
Removes levee, 
canal, and 
abandoned 
existing roadway. 

Very limited 
connectivity via 
bridges.  Additional 
animal 
undercrossings 
feasible. 

Alternative 4B 
South Alignment 
With WQT 

Roadway and structure 
elevation must be raised. 
Incremental + 6 ft. 
wetland impact. Added 
cost of $1,759,200.  

Four bridges 
provide 2.5% 
opening along 
corridor. 

Compatible.  
Removes levee, 
canal, and 
abandoned 
existing roadway. 

Very limited 
connectivity via 
bridges.  Additional 
animal 
undercrossings 
feasible. 
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CERP COMPONENT Corridor 
Roadway 

Alternative 
Increased Flows Increased Sheet 

Flow 
Decompart-

mentalization 
Ecological 

Connections 
(See also 

“Increased Sheet 
Flow”) 

Alternative 5A 
Structure Without 
WQT 

Roadway and structure 
elevation must be raised. 
Very minor added 
wetland impact. No 
added cost.  

Single bridge 
provides 98% 
opening along 
corridor. 

Compatible.  
Removes levee, 
canal, and 
abandoned 
existing roadway. 

Very good 
connectivity. 
No animal 
undercrossings 
needed. 

Alternative 5B 
Structure With 
WQT 

Roadway and structure 
elevation must be raised.  
Very minor added 
wetland impact. Added 
cost of $320,000.  

Single bridge and 
detention swales 
provide 75% 
opening along 
corridor. 

Compatible.  
Removes levee, 
canal, and 
abandoned 
existing roadway. 

Very good 
connectivity. 
No animal 
undercrossings 
needed. 

*Based on hypothetical 10,000 cfs flow.  For CERP flow of 5,500 cfs, Alt. 2A is feasible; in this case,  
 comments for Alt. 2B,  4A and 4B would apply. 
 
28. Cost Of Expediting Construction Schedule For Alternatives 1 To 4  

Information Request  

Determine the cost for expediting construction for Alternatives #1 through #4. 
 
Response 
 
1. Definition of Expedited Construction  
 
The base cost estimates for alternatives were developed assuming standard or routine 
construction resources and methods.  However, there is concern that requirements for 
increased water flows in the near term may necessitate the expediting of construction in 
order to accommodate those increased flows.  As a result, each alternative was 
reviewed in this regard, and a second estimate developed to reflect an acceleration of 
the construction.   
 
The basic adjustment made was to increase the availability of additional construction 
staffing and in the associated administrative costs.  The achievement of the accelerated 
schedule will, of course, be dependent upon the actual availability of this construction 
staffing and in the timely delivery of required construction materials and products. 
 
2. Summary of Alternatives Cost with Expedited Construction  
 
The results of this analysis are summarized in the following table. 
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Table 8 
SUMMARY OF EXPEDITED CONSTRUCTION 

Standard 
Construction 

Expedited 
Construction 

Added 
Cost 

Alternative 

Timeline 
(months) 

Cost 
(millions) 

Timeline 
(months) 

Cost 
(millions) 

Cost 
(millions) 

Alternative 1    
Existing Alignment / Same 
Profile 

18 $14.3 12 $16.2 $1.9 

Alternative 2A 
Existing Alignment Without WQT 

24 $24.9 16 $28.2 $3.3 

Alternative 2B 
Existing Alignment With WQT 

24 $41.5 16 $46.9 $5.4 

Alternative 3A 
North Alignment Without WQT 

30 $57.5 20 $63.5 $6.0 

Alternative 3B 
North Alignment With WQT 

30 $58.7 20 $64.7 $6.0 

Alternative 4A 
South Alignment Without WQT 

24 $32.1 16 $36.3 $4.2 

Alternative 4B 
South Alignment With WQT 

24 $33.6 16 $38.0 $4.4 

Alternative 5A 
Structure Without WQT 

48 $135.9 32 $153.6 $17.7 

Alternative 5B 
Structure With WQT 

48 $140.3 32 $158.6 $18.3 

WQT  =  Water Quality Treatment with Dry Retention Swales 
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I.     HYDROLOGY AND HYDRAULICS  

 
28. Project Drainage Overview 
 
The existing roadway does not have any collection or conveyance system.  Runoff from 
the roadway presently discharges off the road and discharges into adjacent canal on the 
north side of the roadway or into the wetlands on the south side.  No water quality or 
attenuation presently takes place.  There are 55 cross drains under this segment of US 
41 conveying runoff form the canal on the north side of the roadway to the wetlands on 
the south. 
 
While the South Florida Water Management District (SFWMD) and the Dade 
County Department of Environmental Resources Management (DERM) do not 
necessarily have jurisdiction over the stormwater quality criteria for the project, 
the following subsections outline their requirements as a point of reference. 

 South Florida Water Management District (SFWMD)  

The SFWMD require that all projects meet State water quality standards, as set forth in 
Chapter 17-302, Florida Administrative Code (FAC). To assure that these criteria are 
met, the must meet the following volumetric retention/detention requirements, as 
described in the SFWMD Permit Information Manual Volume IV: 

1. For wet detention systems, the first one inch of runoff from the project or the 
total runoff from 2.5 inches  times the percent impervious, whichever is 
greater, must be detained on site. A wet detention system is a system that 
maintains the control elevation below one foot from the seasonal high 
ground water elevation and does not bleed-down more than one-half inch of 
detention volume in 24 hours. 

2. Dry detention systems must only provide 75 percent of the required wet 
detention volume. Dry detention systems maintain the control elevation at or 
above the seasonal high ground water elevation. 

3. Retention systems must only provide 50 percent of the wet detention 
volume. 

4. For projects with more than 50 percent imperviousness, discharge to the 
receiving water bodies must be made through baffles, skimmers or other 
mechanisms suitable of preventing oil and grease from discharging to/or 
from the retention/detention areas. 
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Dade County Department of Environmental Resources Management (DERM) 

DERM also requires that all projects meet the State water quality standards. To assure 
that this criteria is met, 100 percent of the first one (1) inch of runoff must be retained on 
site. This volume is equivalent to retaining one inch of runoff from the furthest hydrologic 
point in the project. The methodology for estimating this volume is outlined in DERM’s 
Policy for Design of Drainage Structure, dated December 1980 as follows: 

V = 60CiATt 

Where:  V = Required stormwater quality volume, cubic feet 

C = Runoff Coefficient; 0.2 for pervious areas and 0.9 for impervious 
areas 

A =  Total tributary area, acre 

Tt=  Duration of storm whose runoff is polluted and contaminated, 
minutes 

   =   T1” + Tc  

Where:  T1”=  Time to generate one inch of runoff, minutes 

     =                 2940 F-0.11                              

    308.5 C - 60.5 (0.5895 + F-0.67) 

 

Where: F =   Storm frequency, years 

  Tc=    Time of concentration, minutes 

 i  =  Storm intensity, inches per hour 

                      308.5                               

   48.6F-0.11  + Tt (0.5895 + F-0.67 ) 

For highway systems, DERM requires that the first one (1) inch of runoff be retained for 
a rainfall event with a 10-year frequency. DERM also requires that the retained volume 
is infiltrated into the groundwater table in a period of 24 hours and does not allow 
bleeder mechanisms. 
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Stormwater Quantity Criteria 

The following subsections outline these requirements. 

• South Florida Water Management District (SFWMD)  

The SFWMD requires that off-site discharge rate be limited to rates not causing adverse 
impacts to existing off-site properties, and: 

     1.  Historic discharge rates,  

     2.  Rates determined in previous SFWMD permit action, or  

     3.  Basin allowable discharge rates. 

In general, discharges to receiving water bodies that are tidally influenced are usually 
not subject to a specific limited discharge rate. However, water quality control shall 
always be considered. This basin does not have a historic or an allowable discharge 
criterion. Nevertheless, the SFWMD requires that pre-development flows during a 25-
year, 72-hour rainfall event are not increased during post-development conditions. 

Χ Dade County Department of Environmental Resources Management (DERM) 

DERM’s stormwater quantity criteria are determined by the land use type and are 
summarized as follows: 

Land Use Rainfall Frequency Flood Limit 

1.  Residential and                
commercial areas. 

5 year To crown of street, or to 
within 15 feet of a dwelling 
or other occupied building, 
which ever is lower. 

2.  2-lane roads in                 
residential and                     
commercial areas. 

5 year, except 10 year for a 
bridge or culvert in the 
canal system 

To crown of street. 

3.  4-lane roads in high         
density, high traffic              
areas. 

10 year To outer edge of traffic 
lanes. 

4.  Private parking lots and   
similar paved areas. 

2 year As per Florida Building 
Code 4611. 
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These criteria are outlined in DERM’s Policy for Design of Drainage Structure, dated 
December 1980. 

 O Florida Department of Transportation (FDOT) 

FDOT requires that new drainage systems discharging into FDOT drainage systems 
must not exceed pre-development critical storm peak discharge rate during post-
development conditions. Critical storm frequency analysis includes storm events with 2- 
to 100-year frequency and 1-hour to 10-days duration. This criteria is outlined in 
Chapter 14-86 FAC. Stormwater Management System Design Criteria. 

The project’s Stormwater Management Plan will be developed to meet the stormwater 
quality and quantity criteria of the agencies that maintain jurisdiction over the corridor. 
The following subsections describe the design criteria for the available best 
management practices (BMPs) to meet the required stormwater quality and quantity 
criteria. 

• Retention Ponds 

DERM does not allow wet detention ponds to meet stormwater quality criteria. 
Therefore, all ponds will be dry retention ponds. These ponds must be designed in 
accordance with the following design criteria and parameters: 

1. The design of the proposed retention areas should not allow saturation of the 
roadway subgrade. A minimum of 1-foot (?) subgrade clearance shall be 
provided. This standard value assumes that the subgrade is susceptible to 
structural deterioration due to its proximity to standing water. Roadway 
subgrade shall not be exposed for more than 24-hours to standing waters in 
comparison to the Design High Water (DHW), which has been defined by 
FDOT District 6 as a 75-year storm event. Base Clearance Protection Design 
High Water establishment shall be consistent with methodology outlined in 
FDOT Drainage Manual. 

2. Retain the greater of the SFWMD or DERM stormwater quality volume, prior 
to offsite discharge.  The retained volume must be infiltrated to the 
groundwater within 24-hours.  

3. Bottom shall be at least 1 foot above the control groundwater level.  

4. Discharge from the pond shall be through a control structure, and the 
discharge rate shall not exceed the 25-year, 72-hour pre-development flow 
rates.  
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 O French Drains 

French drains are allowed when insitu soil hydraulic conductivity are sufficient to 
promote exfiltration of the required stormwater quality volumes. French drains must be 
designed in accordance with the following design criteria and parameters: 

1. Exfiltrate to the groundwater the greater of the SFWMD or DERM stormwater 
quality volume, prior to discharge over control weir. 

2. Percolate runoff into areas of aquifer that do not contain contaminated soil. 

3. Exfiltration pipe shall be 12 inches minimum with an invert elevation at or 
above the average October elevation. 

4. Provide baffles, skimmers and sumps in inlets to minimize entrance of oils 
and sediments into drainage pipes. 

5. Bottom of skimmers shall be set at a minimum of 18 inches below the 
average yearly lowest groundwater elevation, as outlined in the Metropolitan 
Dade County Public Works Department Design Standards and are shown in 
Figure 2.3. 

6. Trench width shall be a minimum of 3 feet. 

7. Rock in trench must be enclosed in filter material, at least on the top and 
sides. 

8. Insitu soil exfiltration capacity must be determined by the FDOT percolation 
test method. Percolation test hole must be advanced to a depth that will yield 
a minimum of 4 gpm per 1.0 of head of exfiltration capacity.  

9. Depth of French drain trench must be at or below the percolation test hole 
depth. 

10. As required by the SFWMD, French drain exfiltration can only be accounted 
for a total of one hour of the rainfall event. This volume is typically the volume 
required to be retained in the French drain to meet the SFWMD stormwater 
quality volume retention/detention criteria. 
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 Wetland Areas 

The SFWMD and USACOE have jurisdiction over the wetland areas to be impacted by 
the project and require mitigation for these impacts. The requirements of those agencies 
are outlined in the Federal Regulations and the SFWMD Basis of Review, Chapter 40E 
FAC. 

 Permit Requirements 

O South Florida Water Management District (SFWMD) 

In Dade County, the SFWMD requires that all development projects that do not provide 
full on-site retention with greater that 16 hectares (40 acres) of project area must 
permitted as an Individual Environmental Resources Permit (ERP). In Broward and 
Palm Beach Counties any project with an acreage greater that 100 acres shall be 
processed as an individual permit and presented to the District'’ Governing Board for 
approval. The ERP permit is a joint-permit application that addresses surface and 
storage of surface waters, dredge and fill, and wetland mitigation. This application is 
submitted to the SFWMD but is also reviewed by the Florida Department of 
Environmental Protection (FDEP) and U.S. Army Corps of Engineers (USACOE). 

• Dade County Department of Environmental Resources Management (DERM) 

Any stormwater management system that overflows into any water bodies located 
within Dade County, including lakes and canals, require a DERM Class II permit. A 
Class II permit generally takes a minimum of 14 days. Items required to process this 
permit are the name, address, and phone number of the permittee and contact person; 
address, phone number, and license of the contractor to perform the drainage work in 
Dade County; the type of bond (Letter of credit, cash, surety bond); three sets of signed 
and sealed plans by a engineer registered in Florida; and signed and sealed letter from 
contractor with the breakdown of the construction cost. 

A Class III permit is required for works in canals under Dade County Jurisdiction, and 
Class IV permits are required for stormwater management impacting wetlands in Dade 
County.  
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J.     SURVEYING AND MAPPING  

29. General 

As part of the work program, specific field survey tasks were performed to assist in the 
development of conceptual alternatives.  The scope of these services are summarized 
as follows: 
 
Field Work 
 
1. Centerline elevations at 500 foot spacing. 
2. Cross-sections at an interval of approximately 1 mile, to include Tamiami Trail, 

the L-29 Canal and the L-29 Levee. 
3. Planimetric/topography survey of principal features. 
4. Other specific spot elevations. 
 
Plan Sheet Deliverables 
 
1. Control sheet showing control points and monuments with table showing x, y, z 

station and other pertinent data. 
2. Topographic/planimetric sheets. 
3. Elevations/sections. 
4. Roadway profile sheets. 
 
Deliverables 
 
The products from this survey are provided to the COE Jacksonville office in a 
deliverable format on a CD-ROM.  The topographic/planimetric sheets are presented 
also as a set of plates (Plates PP-01 to PP-10) in this document. 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
Engineering Appendix December 2000 
Tamiami Trail Final Design (100%) Submittal 
 

130 

K.     GEOTECHNICAL DATA  
 

30. General 

The following report presents geotechnical investigations and findings. 

 

 

 












































































































































































































































































































































































































